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Abstract 
 
Connecting cadastral survey plans to the State control survey is vital to ensure the 
integrity of the National Geospatial Reference System.  The required accuracy of 
the connection is expressed in terms of survey uncertainty, as described by the 
Standard for the Australia Survey Control Network Special Publication 1 and is 
designed to support survey integration.  The Special Publication 1 Standards and 
Guidelines are published by the Intergovernmental Committee on Surveying and 
Mapping. 
 
The aim of this project was to evaluate the existing requirements and available 
methodology for connecting to the State control survey.  Field and office procedures 
were determined to facilitate the undertaking of surveys over three separate sites 
using the available methods.  The results of the surveys were processed to a standard 
acceptable for lodging on a survey plan and compared with the current requirements 
set by the Department of Natural Resources and Mines.   This dissertation includes 
a discussion of the accuracies and limitations of each method under the prevailing 
conditions 
 
After completing the surveys, it was determined that an Auspos solution was the 
optimal approach for connecting the three sites to the State control survey.  
Recommendations were made for the use of each available method under different 
conditions.  This project provides cadastral Surveyors with information that will 
assist them in selecting a connection method for future surveys. 
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Chapter 1:  Introduction 
 
1.1 Project Title 
 
An investigation into the accuracies and limitations of different methods of connecting to 
datum. 
 
1.2 Project Aim 
 
The aim of this project is to determine the optimal approach for connecting cadastral survey 
plans to the Geocentric Datum of Australia (GDA).  To achieve this, surveys will be 
conducted using both Global Navigation Satellite Systems (GNSS) and Terrestrial methods 
and the results will be compared to the requirements set out by the Intergovernmental 
Committee on Surveying and Mapping (ICSM) and the Department of Natural Resources 
and Mines (DNRM). 
 
1.3 Project Background 
 
In July 2015, DNRM released version 7.0 of the Cadastral Survey Requirements (CSR).  
DNRM (2015, p. 43) shows in section 3.28 of the CSR the requirement for connecting to 
the State Control Survey:   
  
“Connection to the State control survey can be by way of:  
 A continuously operating reference station (CORS) network included in 
the datum control survey, or 
 
 connection to two (2) existing coordinated permanent survey marks in the 
datum control survey each of which has a horizontal positional uncertainty 
of <30mm.” 
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Prior to this requirement, and following version 6.0 of the CSR published by the then 
Department of Environmental and Resource Management (DERM) in June 2010, 
Surveyors were only required to connect to a minimum of two Permanent Survey Marks 
(PSMs) on any survey plan that would be lodged for registration.  The PSMs connected to 
on these surveys were not required to be of datum lineage.  For a PSM to be of datum 
lineage, it must be included in the National Geospatial Reference System (NGRS).  Where 
available PSMs were over 500 metres away from the survey, it was acceptable to place 
PSMs instead.   
 
Whilst datum control surveys have been performed by Surveyors since the introduction of 
the Geocentric Datum of Australia 1994 (GDA94), they have not been standard practice 
for cadastral surveyors in Queensland.  As the requirement for connecting cadastral survey 
plans to the State control survey is in it’s infancy, and maybe unfamiliar to a minority of 
cadastral surveyors who have not yet effected the requirement, this project will analyse 
what is required, produce methodology, perform the surveys and discuss the results found. 
 
1.4 Scope and Limitations 
 
This project is based on the requirements released by DNRM in Queensland and as a result 
is only applicable to surveys performed within the jurisdiction of DNRM. 
 
This project will evaluate the different methods of connecting to the State control survey.  
Some of the methods outlined will not meet the requirements and will only be discussed 
briefly.  It is acceptable to combine astronomical observations with another survey method 
to connect to the State control survey, however this project will not investigate the 
accuracies or limitations of astronomical observations.  It is also acceptable to use a 
combination of the different methods available, however this is beyond the scope of the 
field surveys in this project.  This option will be discussed in the discussions and 
recommendations section of this dissertation. 
 
The office and field procedures produced in this dissertation will be undertaken at three 
different sites that have not previously been connected to the State control survey.  Each 
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site is connected to the State control survey by each of the methods discussed in chapter 
two.  Each survey will coordinate two PSMs and the positional uncertainty values for each 
method are compared.     
 
The sites that have been selected are in the Hervey Bay region which is located near the 
central meridian in the Map Grid of Australia’s zone 56 (MGA56).  The sites chosen for 
this project are surveys that have previously created 10 or more lots but were not required 
to be connected to the State control survey at the time of subdivision.  Each site has existing 
connections to a minimum of two registered PSMs which do not have positional uncertainty 
or datum lineage.  Whilst large scale land development surveys are also required to be 
connected to the State control survey, they are not used in the surveys for this project.  
Large scale land development surveys are discussed in chapter five.  Table 1 details the 
sites chosen for this project.  
 
Survey Plan Locality Description Date 
PSM 
connections 
SP166260 Urangan Creation of 14 lots June 2004 
121779 
139088 
SP214042 Pialba Creation of 51 lots March 2008 
9187 
111512 
111513 
SP239193 Urangan Creation of 35 lots May 2011 
94270 
121762 
 
Table 1 – Survey Sites 
 
The three survey plans are included in Appendix B. 
 
The purpose of the surveys to be undertaken in this project is to ascertain the accuracies 
and limitations of different methods of connecting the three survey sites to the State control 
survey under the requirements set out in section 3.28 of the CSR.  The surveys are 
undertaken for survey integration purposes and are not sufficient to support reinstatement 
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of boundaries.  Although heights are recorded for each method, they will are not included 
in the discussions and recommendations made in this dissertation. 
 
1.5 Research Objectives 
 
The objectives of this project are to: 
 
1. Evaluate the different methods of connecting to the State control survey in terms 
of expected accuracies and limitations. 
 
2. Develop an objective evaluation framework that takes into account the variation in 
conditions that apply to cadastral Surveyors and apply it in the surveys. 
 
3. Establish field and office procedures to ensure the requirements for connection to 
the State control survey are achieved. 
 
4. Perform the surveys in accordance with the procedures established. 
 
 
5. Process the data, analyse the results and conclude with a discussion of the methods. 
 
6. Make recommendations for connecting cadastral survey plans to the State control 
survey in the most effective way. 
  
1.6 Research Questions 
 
This project sets out to answer the following questions: 
 
1. Which approach should be taken for connecting to the State control survey given 
certain conditions? 
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2. What are the accuracies and limitations of each method? 
 
1.7 Research Justification 
 
The requirement for connecting survey plans to the State control survey was introduced in 
July, 2015.  Apart from DNRMs CSR (Version 7.1) and the Intergovernmental Committee 
on Surveying and Mapping (ICSM) GDA Technical Manual (Version 2.4) and Special 
Publication 1 (SP1) (Version 2.1), there is no literature that Surveyors must adhere to.  The 
methodology for surveys may be influenced by the Surveyors' instruments technical 
manuals.  This project will give cadastral Surveyors a comparison of what can be expected 
from the different methods of connecting survey plans to the State control survey. 
 
1.8 Conclusion 
 
The aim of this project is to evaluate the existing requirements and available methodology 
for connecting to the State control survey.  Following the evaluation, field and office 
procedures will be determined to facilitate the undertaking of the required surveys.  The 
results of the surveys will be processed and presented in various formats.  A discussion of 
the accuracies and limitations of each method will follow and recommendations for the 
adoption of each method will be made.  The optimal approach for connecting each of the 
three sites to the State control survey will be stated and justified.  The use of these methods 
under different conditions will also be examined.  The results of this project will give the 
reader a thorough understanding of the accuracies and limitations of each method used.   
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Chapter 2:  Literature Review 
 
2.1 Introduction 
 
This chapter will begin by describing the State control survey.  A description of the 
different types of control surveys performed by Surveyors will follow including when and 
why they are required.  An analysis of the different methods and instrumentation that can 
be used for the control surveys including a brief description of their accuracies and 
limitations will be included.  GNSS methods that can be used but will not meet the required 
accuracies will be briefly discussed.  
 
This chapter will be concluded with an evaluation of connecting to the State control survey 
and will outline the need for the methodology described in Chapter three. 
 
2.2 Overview of the State Control Survey 
 
DNRM (2015a) outline in the CSR version 7.1 that Surveyors are required to connect 
certain cadastral survey plans to the State control survey.  The State control survey referred 
to in their publications may also be referred to as the Datum.  In Queensland, the State 
control survey is realised by a collection of physical Permanent Survey Marks (PSMs) and 
a network of Continually Operating Reference Stations (CORS) (ICSM 2014g). 
 
This combination of marks and reference stations, being the State control survey, is part of 
the NGRS (ICSM 2014g).  The NGRS is Australia's authoritative reference system and is 
based on the Geocentric Datum of Australia 1994 (GDA94).  GDA94 is the Australian 
coordinate system and it supersedes the Australian Geodetic Datum 1984 (AGD84).  
GDA94 is a static datum with coordinates mapped to the reference epoch 1994.0, being the 
1st of January, 1994.  At epoch 1994.0, GDA94 was defined by the International Terrestrial 
Reference Frame 1992 (ITRF92).    
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In 1992 the then International GPS Service (IGS) continuously observed eight geologically 
stable marks throughout Australia which formed the Australian Fiducial Network (AFN).   
These observations were supplemented with further observations on other geodetic survey 
stations across Australia in 1993 and 1994.  This produced a network of approximately 70 
stations which is known as the Australian National Network (ANN). These observations 
were combined in a solution in terms of the ITRF92 which produced the parameters that 
defined GDA94.   
 
Both geographical and grid coordinates can be used with GDA94.   Whilst the SCDB 
records both grid and geographical coordinates, this project will only utilise grid 
coordinates as they are the required format for cadastral survey plans.  The map projection 
used with GDA94 is the Map Grid of Australia 1994 (MGA94).  The Universal Transverse 
Mercator (UTM) system is used to project coordinates onto MGA94. 
 
It is the responsibility of the ICSMs Permanent Committee on Geodesy (PCG) to maintain 
GDA.  The PCG coordinate the standards, policies and guidelines for geodetic activities 
within Australia.  The PCG have subsequently updated the coordinates of the AFN.  ICSMs 
Geocentric Datum of Australia Technical Manual provides detailed information on all 
aspects of GDA. 
 
The PSMs included in the State Control Survey can be accessed through the Survey Control 
Database (SCDB).  The SCDB is a dataset which includes the metadata for each PSM in 
Queensland.  It is also referred to as the Survey Control Register (SCR).  The metadata is 
displayed in a Survey Control Mark Report (SCMR) which also includes a Permanent Mark 
Sketch Plan (PSMP).  The CORS included in the State control survey are also included in 
the SCDB as a SCMR which also includes a regulation 13 certificate.  The SCMRs are 
explained in greater detail in section 2.5. 
 
The survey marks in the SCR are subject to a monthly state-wide datum adjustment called 
ANJ.  ANJ standards for APREF NGCA Jurisdictional.  APREF is the Asia-Pacific 
Reference Frame and NGCA is the National GNSS Campaign Archive, both of which 
provide solutions which are used in the adjustments which ultimately maintains GDA94 
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state-wide and builds on GDA2020.  PSMs included in the adjustments are described as 
being of datum lineage.  PSMs which are not included in the adjustments are described as 
being of derived lineage. 
 
The basis for evaluating the quality of position for the marks in the SCDB is in the process 
of transitioning from Class and Order to positional uncertainty (ICSM 2014g).   Class refers 
to the precision of a survey network which includes the observation techniques and 
instrumentation used in the survey.  Order refers to the conformity of the values of survey 
data with respect to the network it has been connected to.  Positional uncertainty is given 
as the value of the uncertainty of coordinates of a point in metres with respect to GDA.  
Survey uncertainty is described as the uncertainty of the coordinates of a survey mark, both 
horizontal and vertical, with respect to the survey it was observed in.  Relative uncertainty 
is described as the uncertainty of the coordinates of a survey mark, both horizontal and 
vertical, with respect to other survey marks.  Unless stated otherwise, all uncertainty values 
shown hereon are expressed at the 95% confidence level (ICSM 2014g). 
 
ICSM (2007) have produced tables which can be used to allocate a positional uncertainty 
value to a PSM based on its documented Class and Order.  These tables have been used to 
provide the positional uncertainty values for the PSMs in this project in section 3.2.6. 
 
2.3 Control Surveys 
 
ICSM set the standard for control surveys through their Special Publication 1: Standard for 
the Australian Survey Control Network.  This standard shows that there are two types of 
control surveys: Datum and General Purpose.  The Standards and Guidelines detail which 
equipment and methodology should be used for each type of control survey (ICSM 2014g). 
 
Datum control surveys define, extend or improve the NGRS.  These surveys are used to 
adjust the NGRS and create rigorous estimations of the position of survey marks and 
stations in the NGRS and their uncertainty.  Datum control surveys must adhere to the strict 
instrumentation and observations requirements outlined in the SP1.  A rigorous least 
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squares adjustment is required to estimate the coordinates and uncertainties of marks 
included in these surveys. 
 
General Purpose Control Surveys connect to the NGRS and introduce new marks to the 
network.  Whilst it is not necessary, it is recommended that a least squares adjustment is 
completed to include the new marks into the NGRS.  Alternatively, other methods can be 
used to ensure the surveys are conforming to their expected accuracies.  These include 
analysis of misclosure for traversing, outlier tests, coordinate comparison, local and global 
tests (ICSM 2014e).      
 
The requirement for Surveyors to connect to the State Control Survey is classified as a 
General Purpose Control Survey.  The requirements for control surveys set out in ICSM 
(2014) SP1 documents are mainly based on datum control surveys and are only 
recommended for general purpose control surveys.  Where possible, the surveys in this 
project will meet the recommendations of these documents and section 8 of the CSR. 
 
2.4 Connecting to the State Control Survey 
 
The terms connecting to datum and connecting to the State control survey used in the CSR 
mean to connect - using direct or indirect measurement - to the State control survey. 
 
The CSR shows that Surveyors are required to connect a cadastral survey plan to the State 
control survey when the survey creates 10 or more lots (CSR section 3.28.1).  Large scale 
land development surveys are also required to be connected to the State control survey 
(CSR section 3.22).  DNRM (2015a) reports that Building Format plans, Compiled plans 
and plans creating a secondary interest are not required to be connected to the State control 
survey.  It is acceptable for Surveyors to connect a plan to the State control survey or show 
MGA bearings when it is not required.  DNRM enforce the connection to the State control 
survey by examining survey plans during the registration process.  It is possible for a 
Surveyor to apply for an exemption of this requirement if the underlying plan is already 
connected to datum, however it is unlikely that such an application will be approved. 
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DNRM (2015a) show through the CSR that when a Surveyor connects a plan to the State 
control survey, they are required to provide a minimum of two coordinated survey marks 
within the survey.  Each of these marks must have a horizontal positional uncertainty value 
of less than 50mm. The SP1 standard and guidelines are to be used by Surveyors to ensure 
that this requirement is met.  It should also be noted that marks with a positional uncertainty 
value of over 50mm can be included in the table but there is still a minimum requirement 
of two marks with a value under 50mm.  When coordinates for new marks are determined 
from existing PSMs included in the SCDB, those PSMs must also be included on the plan.  
Table 2 shows what is required to be shown on the survey plan for each survey mark.  
Figure 1 provides an example of how this information is to be presented on the survey plan.   
 
 
Table 2 – Survey Plan Coordinate Table Requirements 
 
 
Item Description 
Station Number 
The station number of the mark identifies its position in the 
survey.  If the survey mark is a PSM then the station 
number may be the PSMs registered number. 
Easting and Northing 
These values will be provided as grid coordinates using 
MGA projection. 
Zone 
The zone in the MGA.  The three surveys in this project are 
in zone 56. 
Positional Uncertainty 
This value is either taken from the SCDB for the datum 
marks or calculated for the newly connected survey marks.  
Lineage 
The lineage as recorded in the SCDB or for the newly 
connected survey marks.  All marks connected to in a 
general purpose control survey will be recorded as derived. 
Method 
The method of connection used in the survey for each 
individual mark.   In this project the methods stated will be 
traverse, quick static, network RTK, AUSPOS and single 
reference station RTK. 
Remarks 
Any remarks which will assist the reader in locating or 
determining what type of survey mark has been used. 
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Figure 1 – Survey Plan Requirements Example 
 
In addition to this tabulated information, the meridian of the bearings shown on the plan 
are required to be MGA.  MGA bearings are required to be accurate to 20 seconds of arc.  
The requirements for presenting MGA bearings on cadastral survey plans are different for 
certain methods and the marks used for the connection.  The meridian requirements and 
calculations for each method will be discussed in section 4.4. 
 
To achieve the requirements listed above, Surveyors may employ one of the following 
methods: 
 
1. Network Connection – A network connection is by way of an Auspos solution or 
Network Real-time Kinematic (RTK).  Both Network RTK and Auspos utilise the 
CORS included in the State control survey.   
 
2. Non-network Connection – A non-network connection utilises the occupation of 
physical PSMs included in the SCDB.  A variety of GNSS methods can be used to 
connect to these marks. 
 
 
3. Direct Connection – A direct connection is also called a terrestrial connection.  This 
type of connection involves a conventional traverse with a total station and also 
utilises the physical PSMs included in the SCDB. 
 
These methods will be discussed in more detail in the following sections. 
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2.5 Network Solution 
 
A network solution involves connecting to datum via the CORS network (Network RTK) 
or by an Auspos solution.   
 
The Australian Regional GNSS Network (ARGN) which is controlled by Geoscience 
Australia is a network of permanent geodetic quality GNSS receivers and antennae on 
geologically stable marks throughout Australia.  These stations are referred to as 
Continually Operating Reference Stations (CORS) and are described as active survey 
monuments (ICSM 2014b). 
 
To ensure the integrity of these CORS, they are required to have a regulation 13 certificate, 
which publishes the uncertainty of the station with regard to GDA94.  A regulation 13 
certificate is a legal document and it is used to provide legal traceability for users.  The 
regulation 13 certificate and SCMR for the CORS surrounding the survey sites are included 
in Appendix C.  
 
Smartnet Aus (2014) describe Network RTK as a network of CORS which are combined 
together to provide RTK corrections to subscribed users.  The RTK corrections are 
developed using each available receiver which is tracking the same satellites as the 
subscribed user’s rover.  These RTK corrections can be developed using three methods: 
Master-Auxiliary Corrections (MAX), individualised MAX (i-MAX) and Virtual 
Reference Station (VRS).  Smartnet Aus (2014) reports that the MAX method is superior 
to the i-MAX and VRS methods.  
 
I-MAX and VRS are similar methods which generate RTK corrections using unpublished 
algorithms.  The Radio Technical Commission for Maritime Services (RTCM) labels these 
methods as non-standardised.  Their RTK solutions are calculated by the RTK provider’s 
server.  The main difference between these methods is that i-MAX generates corrections 
for a physical reference station providing the user with traceability and repeatability 
whereas VRS generates corrections for a virtual reference station which means the baseline 
is not repeatable and provides no traceability.  The RTK corrections I-MAX and VRS 
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produce do not maximise the use of all available satellite data which makes them very 
similar to single reference station RTK. 
 
The MAX method designates one CORS as the master station and the remaining CORS in 
the network are labelled auxiliary stations.  All of the raw observations and coordinate 
information is processed by the server and sent through to the subscribed users rover via 
the master station.  Utilising a physical master station provides traceability and 
repeatability.  In addition to the server’s network connection, the MAX method allows the 
rover to monitor and change the solution to provide a more rigorous calculation if 
necessary.   
 
Network RTK reduces distant dependent errors and as a result is more accurate than single 
reference station RTK.  RTCM designates the MAX method as the official standard for 
network RTK.  MAX is the only internationally standardised network RTK method and it 
will be the network method used in this project. 
 
Geoscience Australia provide a free online GPS processing service named Auspos.  Dual 
frequency geodetic quality GPS RINEX data observed in Quick Static and Classic Static 
modes can be submitted by Surveyors online via the Geoscience Australia website.  Auspos 
is a network connection as the processing system utilises ARGN and IGS stations to 
provide a report which includes a solution that contains both GDA94 and ITRF coordinates.   
 
To utilise the Auspos processing service, the data must meet minimum requirements set 
out by Geoscience Australia.  These requirements along with the limitations and accuracies 
of the Auspos service will be investigated in chapters three and four.  It is important to note 
that Auspos does not process real time, kinematic or single frequency data. 
 
For the purposes of this project, Auspos and Network RTK will both be used for the surveys 
in this project. 
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2.6 Non-network Solution 
 
A non-network solution involves connecting to the State control survey using the physical 
survey marks in the SCDB.  These conventional marks take the form of a PSM and are 
placed by Surveyors, relevant organisations and authorities.  Although their initial position 
and uncertainty may be determined by a Surveyor, it is the DNRMs responsibility to 
maintain these marks. 
 
Surveyors are required to connect to a minimum of two existing survey marks in the SCDB 
with datum lineage and a positional uncertainty value of under 30mm (DNRM 2015a).  As 
previously mentioned, the resultant coordinates shown on the survey plans must have a 
positional uncertainty value of under 50mm.  The methodology chosen will have to ensure 
that when positional uncertainty and survey uncertainty are taken into account, they will 
not exceed 50mm. 
 
The uncertainty of derived coordinates will be a function of the selected survey technique, 
positional uncertainty of datum PSMs connected to and the distance between these PSMs 
and the survey site.  The guideline shows that to achieve survey uncertainty values of under 
50mm, the Surveyor will have to employ Quick Static or Classic Static methods.  ICSM 
Guideline for evaluation and adjustment of survey control details the procedures to be used 
to adjust the control survey and evaluate the quality of coordinates (ICSM 2014c). 
 
Static surveys utilise two reference stations that observe static data simultaneously.  The 
observation lengths increase as the baseline distances between the receiver’s increase.  The 
two sets of data are then post processed.  Classic static observation lengths are generally 
required to be much longer than that of Quick Static.  Quick Static observations are suitable 
for baselines less than ten kilometres (ICSM 2014c).  
 
Single reference station RTK is suitable for general purpose control surveys.  Like Network 
RTK, single reference station RTK utilises a reference or base station that provides real 
time corrections and sends them to the rover via a radio or internet connection (mobile 
phone).  As there is only one reference station, the accuracy of this method decreases with 
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increasing distance from the reference station.  Baselines for this method should remain 
less than 20 kilometres.   Single reference station RTK is expected to meet DNRMs 
accuracy requirements providing that the recommendations in the Guideline for Control 
Surveys by GNSS are followed (ICSM 2014c).   
 
For the purposes of this project, Quick Static and single reference station RTK will both be 
used for the surveys in this project.  The term quick static is interchangeable with fast and 
rapid static and will be used for the remainder of this dissertation. 
 
2.7 Direct Connection 
 
A direct connection, also referred to as a terrestrial connection involves a conventional 
traverse with a total station.  A direct connection involves connecting to a minimum of two 
existing PSMs in the SCDB with datum lineage and positional uncertainty value of under 
30mm. 
 
ICSMs (2014d) Guideline for Conventional Traverse Surveys sets out what is required for 
a direct connection to datum.  The guideline sets out recommended equipment and 
procedures for achieving levels of survey uncertainty and relative uncertainty. 
 
2.8 Alternative Methods of Connection 
 
The alternative methods that Surveyors can also use include single point positioning and 
differential GNSS techniques to connect to the State control survey (ICSM 2014c). 
 
Single point positioning is normally used for general positioning and navigation purposes.  
It provides a survey uncertainty value of over five metres.  Differential GNSS is used for 
high reliability positioning and navigation.  It provides a survey uncertainty value of over 
500mm. 
 
16 
 
Whilst these methods can be utilised to coordinate marks on a survey plan, they will not 
provide the required accuracies and as such will not be used in this project.  
 
2.9 Conclusion 
 
This chapter has described the State control survey and outlined why, how and when 
Surveyors are required to make the relevant connections.  Each of the methods outlined in 
this chapter will be analysed in Chapter 3 and methodology will be produced to complete 
the field and office surveys required in this project. 
 
Due to the requirement for connecting cadastral survey plans to the State control survey 
only being released in July 2015, there is limited literature available on the topic.  DNRM 
have released a number of presentations summarising the requirements of the CSR and SP1 
documents.  These presentation documents have been made available to Surveyors in 
Queensland through electronic survey alerts, the Surveying and Spatial Sciences Institute 
and the Queensland Spatial and Surveying Association.  
 
For the remainder of this dissertation, the field survey methods will be referred to as 
Auspos, network RTK, quick static, single reference station RTK and traverse. 
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Chapter 3:  Methodology 
 
3.1 Overview of Methodology 
 
This chapter can be broken down into six sections: 
 
1. Objective Evaluation Framework 
2. Pre Survey Preparation 
3. Field Survey 
4. Data Processing 
5. Data Presentation 
6. Conclusion 
 
The first section of this chapter will include an objective evaluation framework which 
details the items to be addressed under different conditions for each method of connecting 
to the State Control Survey.   
 
The pre survey preparation section discusses the methodology of preparing for each field 
survey.  The field survey and data processing sections discuss the methodology used in 
executing the field and office surveys.  The methodology in each section has been selected 
to ensure that the surveys can achieve the highest accuracy possible and fulfil DNRMs 
requirements of connecting survey plans to the State control survey.   
 
The data presentation section shows the formats which the results of the data processing 
can be presented in.  This chapter is concluded by justifying the need for the methodology 
in each section. 
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3.2 Objective Evaluation Framework 
 
Like most other aspects of cadastral surveys, a connection to the State control survey 
requires planning to ensure the task is completed as efficiently as possible.  The planning 
will assist the Surveyor in executing the survey more efficiently by understanding the site 
specific conditions and requirements.  Quite often, surveys undertaken in different 
conditions will require a different approach in terms of field and office methodology. 
 
The following objective evaluation framework details the different items that Surveyors 
will normally have to address when connecting to the State control survey using different 
methods.  The items to be addressed and the approximate times associated with completing 
each item for each method are identified.  The purpose of this section is to identify the 
approximate times for connections by the different methods.  It should be noted that this 
framework is not an exhaustive list of items to be addressed.  It covers the main items that 
are generally required to be dealt with during a connection to the State control survey.   
 
Where the items are necessary for each method, the cell is coloured green and contains an 
estimate of the time taken (in minutes) to complete the item.  Where the item is not 
necessary, the cell is coloured red.  The bottom row shows the approximate time to 
complete all items necessary for that method.  These times and times, together with the 
results of the surveys, form the basis for the recommendations included in chapter five. 
 
Following the framework, a list of common conditions encountered by Surveyors and their 
effect on the times included in the framework are discussed.  Their effect on a Surveyors 
choice of survey method are identified and used in the conclusion of the optimal approaches 
included in chapter five.
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Table 3 – Survey time framework. 
Description Auspos Network RTK Quick Static Single Station RTK Traverse 
 
Pre Survey 
Select position for survey marks 10 10 10 10 5 
Select 2 datum PSMs   10 10 10 
Design Network     15 
Network Optimisation  10 10 10 15 
Calibrate instruments     15 
      
Field Survey 
Locate datum PSMs   10 10 10 
Place marks to be coordinated 10 10 10 10 10 
Set up and pull down stations (5 minutes per station) 
10 20 30 30 
20 – 50(see 
note 1) 
Configure instruments for observations  5 5 5 5 5 
Perform observations  8  5 8 - 36 
Time lapse between observations (see note 2)  15  15  
      
Data processing 
Reduce and backup data 10 5 10 5 5 
Export data (RINEX or adjustment file) 5    5 
Check datum PSM values   10 10 10 
Create and edit field files     10 
Perform adjustment  5 10 10 20 
Submit data through Geoscience Australia website 5     
Outlier/Statistical Tests  20 20 20 5 
Calculate survey uncertainties  20 20 20  
Calculate positional uncertainties  20 20 20 20 
      
Total time  0:55 2:28 2:55 3:10 3:08 – 3:38 
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1. The times included for the traverse observations are based on traverse distances of 
200m – 2000m with stations every 200 metres. 
 
2. This time relates to the period of non-productive time between observations.  
Surveyors will minimise this as much as possible. 
 
In addition to the framework above, the following list includes other factors that may have 
an effect on the requirements of the survey, and ultimately the Surveyors choice of 
connection method. 
 
1. The location of the survey in relation to the Surveyors office will have an effect on 
the Surveyors choice of method.  For surveys close to the office, independent 
checks and separate site visits solely for the purpose of connecting to the State 
control survey will not be a big issue with regard to time.  For sites that are a 
significant distance away from the Surveyors office, it is expected that the 
Surveyor will attempt to coordinate all aspects of the survey so they can be 
completed together and reduce the number of site visits required.    
 
2. For non-network connections, the availability, positional uncertainty and geometry 
of existing datum PSMs plays a large part in determining the most efficient 
approach.  With increasing distance between the site and datum PSMs, the Quick 
Static and traverse methods require much more field time.  The effect that the 
various distances between datum PSMs and survey sites are discussed in chapters 
four and five. 
 
 
3. For network RTK, the positions of the CORS in relation to the site is the most 
important factor to consider.  Surveyors must ensure that their sites fall within 
range of two CORS so they can fulfil the requirements set out in section 8.5.1 of 
the CSR (DNRM 2015a).  Surveys which do not connect to two CORS do not fulfil 
the traceability requirements necessary for cadastral surveys and as a result should 
not be used for connections to the State control survey. 
 
4. Surveys which are part of large scale land developments require more planning as 
Surveyors have to consider how future stages are going to be connected to the State 
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control survey.  It is beneficial for Surveyors to coordinate marks in positions 
which can be used in the subsequent stages.  Due consideration should also be 
given to the geometry of coordinated marks for MGA bearing calculations. 
 
 
5. All non-network connection methods rely on physical PSMs being in satisfactory 
condition.  It is advisable that Surveyors select a third datum PSM in case one PSM 
cannot be found, has been disturbed or is not suitable for GNSS methods. 
 
  
Each of these conditions are discussed in more detail in chapters four and five.  It is 
expected that different Surveyors will have preferred methods of connecting to the State 
control survey.  This framework is designed to allow Surveyors to take an objective 
approach when determining which connection method should be used.   
 
The conditions encountered over the three sites chosen for this project were fairly similar.  
Each site had two datum PSMs within 2000m and sufficient distance between them to allow 
for traversing.  Each site was within the Smartnet Aus coverage area however they were 
only in range of one CORS.  This has not affected the survey times but its effect on the 
uncertainty values is discussed in chapters four and five. 
 
3.3 Pre Survey Preparations 
 
To ensure that the field survey and subsequent office work was successful, the following 
items were addressed between the 20/06/2016 and the 28/06/2016. 
 
3.3.1 Coordination of Methods 
 
To reduce horizontal refraction effects, the total station observations were not undertaken 
between the hours of 12:00PM and 3:00PM.  The observation sessions for GNSS were 
worked around the total station observation times and where possible, these times were 
based around satellite predictions in an attempt to minimise the influence of external 
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factors.  For safety reasons, no observations were undertaken for a period of 30 minutes 
after sunrise and before sunset.   
 
3.3.2 Instrument and Ancillary Equipment Calibration 
    
The total station used for the surveys had its Check and Adjust function completed prior to 
and after the surveys.  This function checks and if necessary adjusts horizontal and vertical 
collimation.  The total station was also standardised and calibrated on the 24th of June at 
the Maryborough/Tuan calibration range.  No significant errors were found and no changes 
were made to the total station as a result of these activities.  The optical plummet and 
circular level of the tribrachs were checked before, during and after the field surveys.  No 
adjustment was deemed necessary during the checking.  All other equipment was deemed 
to be in satisfactory condition. 
 
3.3.3 Search   
   
Prior to any field survey, it is vital that a cadastral survey search is completed to ensure that 
the PSMs to be included in the surveys have not been disturbed or destroyed since they 
were connected to on the survey plans or coordinated for the SCMRs. 
 
This was done by interrogating the Queensland Globe dataset.  In this dataset the required 
PSMs were located and the SCMR and form 6 were accessed.  The SCMR contains all the 
relevant information about the PSM and the Form 6 includes a sketch which assists 
Surveyors in locating the PSM.  The form 6 may also include the original information about 
the PSM however it may be obsolete.   The information in the SCMRs must be relied upon.  
It is important to note that the SCMRs for datum PSMs are subject to change each month 
due to ANJ adjustments.  The SCMR ANJ adjustments were checked prior to and after the 
surveys were completed to ensure the correct values were used. 
 
The SCMR details the last five cadastral plans that have connected to the PSMs.  These 
plans were examined to determine whether or not the PSMs were still in satisfactory 
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condition.  Pre survey sites visits were also performed to locate the PSMs and confirm the 
findings of the search.   
 
3.3.4 Selection of PSMs 
 
The PSMs coordinated in the surveys were already chosen as they were included on the 
original survey plans.  Recommendations for selection of PSM positions are included in 
chapter five.  Section 3.28.2 of the CSR shows the specification for permanent survey 
marks (DNRM 2015a).  This section specifies that marks located in structures such as 
footpaths and kerbs do not satisfy the requirement of being permanent and stable.  The 
placement of small mini mark PSMs is a good example of this.  If mini mark PSMs are 
placed in foundations such as footpaths and kerbs, they will be subject to movement and 
untimely destruction.  To ensure these marks satisfy the criteria of a permanent mark, they 
should be placed in a solid foundation such as a manhole surround or large telstra pit 
surround. 
  
DNRM (2015a) show in the CSR section 3.28.3 the need for coordinates to be determined 
on a survey mark which will benefit Surveyors.  This includes a mark that is more stable 
and not subject to untimely destruction, i.e. a PSM or a buried survey mark.  These 
connections are designed to be a benefit to the cadastre.  For the coordinated marks to be 
of additional benefit to Surveyors, it is necessary that they be easily accessible.  All PSMs 
that will be coordinated will be available through the SCDB whereas buried marks and 
reference marks will not be and therefore be of benefit only to the cadastre and persons 
performing cadastral surveys in the future. 
 
The PSMS that were connected to for each site are the two PSMs connected on the original 
surveys.  The datum PSMs selected for the non-network and direct connection methods 
will generally be the two closest PSMs with datum lineage.  The Queensland Globe dataset 
gives a graphic representation of PSMs and their lineage.  With the exception of SP239193, 
the closest datum PSMs to each site were selected.  The datum PSMs selected for SP239193 
were originally PSMs 94330 and 103365.  PSM number 111761 was used instead of 94330 
due to a poor GNSS environment for PSM 94330.  This issue is discussed in section 4.2 to 
give Surveyors an idea of what can be expected when utilising non-network connections. 
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Table 4 lists the PSMs that will be connected to for each survey and the datum PSMS to be 
used for the non-network and direction connection methods.  The values shown are from 
the ANJ16.07 adjustments.  The positional uncertainty values shown in table 4 have been 
derived from the Class and Order of the marks as per ICSM (2007) Standards and Practices 
for Control Surveys version 1.7.   
 
PSM No. Easting Northing PU Class Order Plan 
9178 482417.775 7206201.655 0.014 - - SP214042 
9184 482689.174 7205195.463 0.012 - - SP214042 
9187 482948.376 7204491.495 0.019 - - SP214042 
83611 488888.586 7201819.655 0.010 - - SP166260 
94270 487302.575 7200792.548 0.100 E None SP239193 
94330 485671.750 7201050.407 0.010 - - SP239193 
103365 486863.492 7201996.055 0.010 - - SP239193 
111512 482450.971 7205071.469 0.026 - - SP214042 
111513 482376.316 7204565.613 0.100 E None SP214042 
111761 487645.427 7201478.648 .010 - - SP166260 
111765 489142.146 7200477.719 0.010 - - SP166260 
121762 487294.020 7200898.580 0.030 C 3rd SP239193 
121779 488370.610 7200787.917 0.030 C 3rd SP166260 
139088 488022.972 7201021.018 0.100 E None SP166260 
753431 482538.239 7203699.987 0.008 - - CORS 
 
Table 4 – Permanent Survey Marks 
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The following table shows the distances between the PSMs on each site in metres. 
 
  Datum PSMs 
P
S
M
s 
to
 b
e
 c
o
n
n
ec
te
d
 
 83611 111765 9178 9184 111761 103365 
121779 1155 833 - - 1002 - 
139088 1178 1245 - - 594 - 
9187 - - 1132 750 - - 
111512 - - 1638 270 - - 
111513 - - 1792 704 - - 
94270 - - - - 767 1281 
121762 - - - - 679 1179 
 
Table 5 – PSM Baseline distances (metres). 
 
The SCMRs for these PSMs can be found in Appendix D. 
 
Figures 2 - 4 show the location of these PSMs in relation to each site.  The PSMs coloured 
red are the datum PSMs and the PSMs coloured green are those which will be observed in 
the surveys.  The survey sites are shown in green with thick boundary lines. 
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Figure 2 – SP166260 locality map. 
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Figure 3 – SP214042 locality map. 
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Figure 4 -  SP239193 locality map
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3.4 Field Survey 
 
The purpose of the field surveys included in this project is to determine the optimal 
approach of connecting to the State control survey.  To achieve this, the observations taken 
include a variety of techniques and varying observation times for each method and as a 
result, the survey times do not accurately reflect what can be expected in a normal survey.  
The times that can be expected for different methods are included in section 3.2 and are 
discussed in chapter five. 
 
The field surveys were completed over five weeks.  They began on the 29/06/2016 and 
were finalised on the 31/07/2016.  The approximate time spent completing the field surveys 
was 55 hours.  The instruments used for the field surveys were a Leica TCRP1203 total 
station and Leica GPS system 1200 GX1230.  The relevant parts of the user manuals and 
technical reference manuals for these instruments can be found in Appendix E.  The 
reported accuracies outlined in this section for each method are based on normal operating 
conditions.   
 
The risk assessment and management strategy included in Appendix F was approved by 
Mr. Ray Tabulo and signed off prior to the beginning of and upon completion of the surveys 
by field staff.  No additional hazards were encountered during the surveys and thus no 
changes were made to the document. 
 
The ancillary equipment used in the surveys consisted of Leica tribrachs, Leica circle 
prisms and Sokkia fibreglass tripods.  Leica Geosystems (2010, p. 4) state that the tribrachs 
have a centring accuracy of ±0.5mm at 1.5m.   
 
ICSMs Guideline for Control Surveys by GNSS report that government departments in 
different jurisdictions may have additional requirements for Surveyors conducting GNSS 
control surveys (ICSM 2014c).  In Queensland, DNRM provide a GNSS survey guideline 
in section 8 of the CSR.  These guidelines were taken into account when determining the 
following methodology.  
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DNRM (2015a) requires that Surveyors utilising GNSS measurements conform to four 
principals - measurement quality, survey records, measurement traceability and 
coordinates, bearings and distances.  It should be noted that ICSM SP1 states that Surveyors 
may use other methods providing they meet the required specifications. 
 
3.4.1 Auspos 
 
Geoscience Australia (2016) request that users of Auspos submit dual frequency geodetic 
quality GPS Receiver Independent Exchange (RINEX) data observed in static mode.  It is 
requested that there should be a minimum of one hour of data, however it is preferred that 
two hours is submitted.  Six hours of data is recommended for the best results.  It is 
recommended that Auspos results be verified by independent occupations.  The 
independent checks in this project will be made by completing further observations over 
the marks and submitting the data for a second Auspos solution. The requirement for this 
check will be discussed in chapters four and five. 
 
To adhere to the Auspos data requirements, the Leica System 1200 GX1230 receiver was 
configured to log data in Static mode at 30 second intervals.  Any additional observations 
are ignored in an Auspos solution.  The satellite elevation mask was configured to zero 
degrees.  Each of the six PSMs were observed for six hours and re-observed for at least a 
further 1.5 hours on a separate day.  The independent check is not going to have any effect 
on the positional uncertainty value, so it is expected that Surveyors will spend as little time 
as possible completing the check.  Although a minimum of one hour of data is required for 
Auspos solutions, the check observation will be approximately 1.5 hours to account for 
vegetation and other sources surrounding the PSMS which may result in multipath in the 
observations.  If a solution cannot be processed for any of the PSMs, they will be re-
observed for a longer period of time and they will be discussed in section 4.3.2. 
 
Utilising the method above, the Auspos observations for all of the marks were expected to 
be completed in 45 hours with the total field time to be approximately 14 hours.  Antenna 
heights will be recorded in the field and checked prior to packing the equipment away.  
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3.4.2 Network RTK 
 
To complete the network RTK field surveys, the GNSS receiver was configured to utilise 
the MAX method.  In the field, the receiver was connected to the Smartnet Aus network 
prior to observing the survey marks.  To allow for an in-depth analysis, three sets of 
occupations were completed for each mark at a time.  The lengths of these occupations 
were one, two and three minutes.  The first three observations were taken directly after each 
other.  The final three observations were taken using the same method.  A minimum time 
lapse of 30 minutes between these sets of observations allowed for a change in geometry 
of the satellite constellations.   
 
As reference stations are not required to be set up for the network RTK method, 
considerable time will be saved in the field.  This technique is expected to take five hours 
with observation times totalling 96 minutes. 
 
The datum PSMS used for the non-network methods were also observed using the same 
technique to determine any relative uncertainty between datum PSMs.  These results are 
discussed in chapter four. 
 
Smartnet Aus (2014) describe that observations within the network will achieve a 
horizontal RMS accuracy of 1 – 2 cm under good operating conditions.  At the 95% 
confidence level this equates to 25 – 49mm for any given observation.  The CSR shows 
that the quality of observations may vary across the network but it can be expected that any 
given observation should achieve an uncertainty of under 49mm at the 95% confidence 
level (DNRM 2015a). 
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The table below shows the baseline distances from the master and auxiliary stations used 
for this method. 
 
PSM Distance from Master Station Distance from Auxiliary Station 
9178 2505 32627 
9184 1504 31795 
9187 892 31248 
83611 6626 31839 
94270 5584 30092 
103365 4651 30862 
111512 1375 31590 
111761 5572 30853 
121762 5522 30175 
121779 6522 30697 
139088 6106 30687 
 
Table 6 – Network RTK Baseline lengths (metres). 
 
The CSR requires that two observations be taken and they are then tested using an outlier 
test to ensure that are conforming to the expected accuracies.  There is no need for any 
additional check observations in the network RTK surveys. 
 
3.4.3 Quick Static  
 
Non-network quick static methods are acceptable for baselines less than ten kilometres.  
This method requires much less observation time than classic static.  ICSM SP1 Guideline 
for Control Surveys by GNSS sets the observation techniques for quick static surveys.  To 
ensure the surveys in this project achieved survey uncertainties of better than 30mm, each 
of the PSMs in the surveys were observed in quick static mode using the two datum PSMs 
as reference stations at different times.  The observation epoch interval was one second.  
This allowed the quick static observations to be completed for all sites in approximately 
13.5 hours with a total observation time of 350 minutes. 
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The Leica GPS1200 User Manual (Leica Geosystems 2008D, p. 114) states that the quick 
static method will achieve a horizontal RMS of 5mm + 0.5ppm for any given observation.  
As the baselines in this project range from 270m – 1800m we can expect the observations 
to achieve survey uncertainties of under 15mm at the 95% confidence level. 
 
The Leica GPS1200+ Applications Field Manual (Leica Geosystems 2008A, p. 136) shows 
that to achieve these accuracies, an observation time of 5 minutes per kilometre of baseline 
should be used with all observations being a minimum of 15 minutes.  It should be noted 
that all instrument manuals must be used as guides only.  All of the baselines in this project 
are under 5km, and a uniform observation time of 25 minutes was selected for the surveys.  
The receiver elevation masks were configured to record down to zero degrees in both units.  
The datum PSMs will be observed simultaneously for a period of 25 minutes to determine 
any relative uncertainty between the marks.   
 
As the surveys are observing two baselines to each PSM and are checked for outliers in the 
data processing, there is no need for any additional check observations in the quick static 
surveys. 
 
 
3.4.4 Single Reference Station RTK 
 
The single reference station RTK connections in this project have utilised each datum PSM 
as a reference station and observed each of the PSMs to be connected as rover positions.  
The elevation mask at both the reference and rover stations was set to 15 degrees.  The 
observation epoch interval was configured to one second which allowed for post processing 
if necessary.   
 
To allow for a more in-depth analysis, three sets of occupations were completed for each 
mark at a time.  The lengths of these occupations were one, two and three minutes.  The 
first three observations were taken directly after each other.  The final three observations 
were taken using the same method.  A minimum time lapse of 30 minutes between these 
sets of observations allowed for a change in geometry of the satellite constellations. The 
differences between these occupation lengths are tabulated and discussed in chapters four 
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and five.  This will allow the single reference station RTK observations to be completed 
for all three sites in 13 hours with the observation times totalling 240 minutes.  These 
observations will be completed using survey tripods. 
 
Each datum PSM will be observed using the other datum PSM for a reference station.  This 
will help determine if the relative uncertainty between the two marks is satisfactory. 
 
Leica Geosystems (2008D, p. 114) states that the single reference station RTK method will 
achieve a horizontal RMS of 10mm + 1ppm for any given observation.  As the baselines in 
this project range from 270m – 1800m, we can expect the observations to achieve 
uncertainties of under 30mm at the 95% confidence level. 
 
3.4.5 Traverse 
 
The traverse method was completed with the Leica TRCP1203 total station.  At each station 
three arcs of observations to each backsight and foresight were completed.  When 
conditions permitted, Automatic Target Recognition (ATR) was used.  Manual sighting 
was used where obstructions were evident.  Each measurement was taken to a Leica circle 
prism on a tripod.  A 500mm ground clearance was maintained for all observations. 
 
The Leica TPS1200+ User Manual (Leica Geosystems 2008H, pp. 156 – 158) states that 
instrument measurements can achieve a standard deviation of 3” for angle measurements 
and 1mm + 1.5ppm for distance measurements.   As discussed in section 3.3.1, total station 
measurements were not taken between the hours of 12PM and 3PM in an effort to reduce 
horizontal refraction error.   
 
Due to the position of the datum PSMs for SP214042, the traverse was completed using 
two closed loops. 
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3.5 Data Processing 
 
The methodology included in this section is heavily dependent on ICSMs Guideline for 
Adjustment and Evaluation of Survey Control (ICSM 2014e).  The approximate time spent 
on the data processing was 30 hours. 
 
All data was firstly reduced and checked for gross errors prior to completing any of the 
data processing and presentation.  Relative uncertainty between datum PSMs was analysed 
to ensure it falls within tolerance. 
 
Each datum PSM is subject to updated coordinates each month as a result of ANJ 
adjustments.  All the processing completed for the surveys was completed utilising the 
QLD ANJ 16.07 adjustment values. 
 
The processing of the GNSS observations has been completed using both rapid/broadcast 
and final/precise ephemeris products where possible.  The difference between the two 
solutions was negligible.  Where the difference between the two solutions exceeded +/- two 
millimetres horizontally, it is discussed. 
 
3.5.1 Auspos 
 
Submissions though the Geoscience Australia website are required to be in a version 2.11 
RINEX file.  To convert the raw data into a RINEX format, it was firstly imported into 
Leica Geo Office.  The data was then exported as a zip file containing RINEX data and 
named in accordance with the IGS naming convention.  The naming convention for Auspos 
is listed on the Geoscience Australia website but is not strictly enforced (Geoscience 
Australia 2016).  The Auspos submission portal will not accept data that is shorter than an 
hour duration or is named with the same station number and observation session number. 
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The data for each PSM will be submitted twice through the Geoscience Australia website.  
The first submission will be at least 24 hours after the observations which will provide a 
solution using the rapid ephemeris.  The second submission will be a minimum of 14 days 
after the observations which will provide a solution using the final ephemeris.  The 
differences between the two solutions are discussed in chapters four and five. 
 
The results of each submission will be returned by email and will include GDA94 
coordinates and positional uncertainty values.  These results will be ready for inclusion in 
chapter four.  The differences found between six hour observations and the independent 
check observations are discussed in chapters four and five. 
 
The achieved uncertainties of the Auspos method are a function of observation time and 
surrounding environment.  To determine what can be expected from different observation 
lengths, each of the six hour observations are split into two - six hour observations and 
processed using the final ephemeris.  The positional uncertainties of each solution are 
graphed in section 4.3.2 and discussed in chapter five. 
 
3.5.2 Network RTK 
 
The network RTK observations were reduced into Liscad and Leica Geo Office using the 
data conversion function.  This function applies weights to and averages the positions of 
each observation.  
 
Although Smartnet Aus report that network RTK will achieve accuracies of under a 
horizontal RMS of 20mm, the survey uncertainties are also calculated manually.  The 
uncertainties that Leica Geo Office assigns to the observations are also discussed in chapter 
four.  The regulation 13 certificates for the CORS and the accuracies specified by Leica 
Geosystems for RTK surveys are used to calculate uncertainties. 
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3.5.3 Quick Static 
 
The quick static data was firstly imported into Leica Geo Office by reducing only static 
intervals.  The observations were then designated as either a reference or rover station.  The 
SCMRs were then checked to ensure that ANJ 16.07 values were assigned to the reference 
positions.  The processing parameters were then selected to reflect the requirements set out 
in section 3.4.3.  The post processing was then completed using both broadcast and precise 
ephemeris. 
 
This resulted in two rover positions for each PSM for each solution.  These positions 
included in the post processing report were averaged and uncertainties were then calculated 
for the resultant coordinates.  The baseline between the two datum PSMs was also post 
processed to determine the relative uncertainty between the marks.  
 
3.5.4 Single Reference Station RTK 
 
The single reference station RTK data was imported into Liscad and Leica Geo Office via 
the data conversion method which applies weights to and averages the observations from 
each baseline.  The result was six positions for each of the PSMS.  The SCMRs were then 
checked to ensure that ANJ 16.07 values were assigned to the reference positions.   
 
Survey uncertainties were calculated for each observation which were subsequently 
checked with an outlier test.  The positional uncertainty was then calculated using the same 
process but incorporating the datum PSMs positional uncertainty.  The results were then 
checked for compliance with the CSR.   
 
3.5.5 Traverse 
 
Each of the three traverses were adjusted in the Liscad software using a minimally 
constrained least squares adjustment.  This adjustment averages the three arcs for each 
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observation.  The adjustment was checked to see if any residuals of the averaged points 
exceed 10”.  
 
The output of the adjustment included adjusted coordinates, standard deviations and survey 
uncertainties expressed at the 95% confidence level.   
 
3.6 Data Presentation 
 
To compare the results of the three methods it is important that the results are presented in 
the same format.  ICSM (2014e) show that results can be presented in three main formats: 
 
1. Standard Deviations 
2. Standard Error Ellipsoid 
3. Horizontal Circular Confidence Region 
 
The horizontal circular confidence regions represent the positional uncertainty values 
assigned to survey marks.  The methodology set out in ICSM (2014e) guideline for the 
evaluation and adjustment of survey control has been used to process the data to achieve a 
horizontal circular confidence region.  The results for each PSM are presented in the 
tabulated format that is required on survey plans and in horizontal circular confidence 
regions in chapter four. 
 
DNRM (2015a) encourages Surveyors to complete PSM maintenance forms when the 
details of PSMs have changed or when significant observations have been made.  A PSM 
maintenance report has been completed for each of the PSMs observed in this project.  The 
various changes recorded on each PSM maintenance form are discussed in chapter six. 
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3.7 Conclusion 
 
This chapter has outlined the methodology that was used for the surveys.  The methodology 
was chosen to fulfil the requirements of the CSR.  The SP1 standards and guidelines have 
been extensively used for the methodology.  It is possible for alternative methodology to 
be used providing the results will still meet the requirements set out in the CSR.   
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Chapter 4:  Data Analysis 
 
4.1 Overview of the Data Processing and Analysis 
 
This chapter has been broken down into four main sections: 
1. Field Survey Summary 
2. Data Processing 
3. Data Presentation 
4. Conclusion 
 
The first section will review the field surveys and discuss the main findings and the effect 
they had on the methodology.  
 
The data processing section will firstly discuss how the data for each method has been 
reduced and checked.  The calculations used to produce survey uncertainty and positional 
uncertainty values are included.  The calculated values are compared and discussed 
thoroughly including any conditions on site which may have had a significant effect on 
them.  Any survey uncertainty values exceeding the expectations shown in chapter three 
are discussed.  The relative uncertainty found between datum PSMs will be analysed.  The 
calculation of MGA bearings and an analysis of the required accuracies is included. 
 
The data presentation section includes the results of the data processing in the formats 
discussed in section 3.6.  This chapter is concluded with a discussion on what was found 
during the data processing and presentation. 
 
4.2 Field Survey Summary 
 
The search completed prior to the survey revealed that SP241969 had marked PSM 111513 
as gone.  A site visit was conducted and the PSM was set out to ensure that it was in fact 
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destroyed.  Due to the site SP214042 already having another two PSMs connected, no 
replacement was made for PSM 111513.  The search and site visits did not reveal any other 
movement or destruction of the remaining PSMs. 
 
PSM 94330 was deemed unsuitable as a datum PSM due to low but thick cover of 
vegetation that was not obvious in the aerial imagery or the SCMR.  Figure 5 below shows 
PSM 94330 and the surrounding vegetation. 
 
 
Figure 5 – PSM 94330 Vegetation Cover 
 
PSM 111761 was selected as a replacement datum PSM as the vegetation cover was not as 
bad as expected from the office search.  It was decided that this PSM would also be used 
for SP166260.  Figure 6 below shows PSM 111761 and the surrounding vegetation. 
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Figure 6 – PSM 111761 Vegetation Cover 
 
This highlights the need for either a site visit or a selection of a third datum PSM.  Whilst 
issues like this may not happen often, they will cause timely delays in a connection to the 
State control survey especially if survey sites are a long distance from the Surveyors office. 
 
Whilst using Network RTK, it was evident that even though the MAX solution was selected 
in the instrument, the solution provided was only calculated using one reference station.  
The survey sites were just beyond the range of a second CORS and as a result could not 
make use of more than one.  On 10 October 2016, Mr N Raziq said that it is likely the 
solutions provided still utilised information from a second CORS, however section 8.5.1 
of the CSR shows that to fulfil GNSS measurement traceability requirements, the marks 
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must be connected to a minimum of two CORS for the network RTK method (DNRM 
2015a).  The position of the sites in relation to the two closest CORS are shown in figure 7 
below.  The survey sites are shown as black stars and are indicative only.  The effects of 
this finding will be discussed in chapter five. 
 
 
 
Figure 7 – SmartNet Aus and Survey Site locations. 
 
4.3 Data Processing   
 
The following sections describe how the data was processed and what formulas were used 
to calculate the uncertainties.  The complexity of each data processing method will be 
discussed in chapter five. 
 
The MGA bearings for each site are calculated in section 4.3.7.  A discussion of the effect 
of the relative uncertainty of coordinated marks on MGA bearings will also be included in 
this section.  The relative uncertainty between datum PSMs for each site is calculated in 
section 4.3.8 and any effect that this has on the results will be discussed in chapter five. 
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The positional uncertainty calculations made in these sections have been based on the 
values published for each datum PSM on the 26th July 2016 in the QLD ANJ 16.07 
adjustments. 
 
4.3.1 List of Equations 
 
The following list includes the formulas which have been used in the calculations in this 
chapter. 
 
𝑆𝑈 @ 95% 𝐶. 𝐼. = 𝑀𝑈 ∗ 2.448 
Equation 1 – Survey Uncertainty @ 95% confidence interval 
 
𝑂𝑢𝑡𝑙𝑖𝑒𝑟 𝑇𝑒𝑠𝑡 = √𝑆𝑈2 + 𝑆𝑈2 
Equation 2 – Outlier test 
 
𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑆𝑈 =  √
𝑆𝑈2 + 𝑆𝑈2
𝑛𝑜. 𝑜𝑓 𝑜𝑏𝑠2
 
Equation 3 – Combined Survey Uncertainty 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑑 𝐸𝑎𝑠𝑡𝑖𝑛𝑔 =
𝐸𝑎𝑠𝑡𝑖𝑛𝑔1 + 𝐸𝑎𝑠𝑡𝑖𝑛𝑔 2
2
 
Equation 4 – Averaged Easting 
 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑑 𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔 =
𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔1 + 𝑁𝑜𝑟𝑡ℎ𝑖𝑛𝑔2
2
 
Equation 5 – Averaged Northing 
 
𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 =  √(𝑃𝑈 𝑑𝑎𝑡𝑢𝑚)2 + (𝑆𝑈)2 
Equation 6 – Positional Uncertainty 
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4.3.2 Auspos 
 
The data collection for the auspos method was completed from 29/06/2016 until the 
22/07/2016.  The total time taken for this method in the field and office was 11.4 hours and 
four hours respectively.   
 
A total of 39.2 hours of data was collected for the initial observations with a further 12.5 
hours collected for the independent checks.  There was also 4.75 hours of data collected 
over three PSMs for the independent checks which provided a positional uncertainty value 
of more than 50mm.   These solutions are included in the tables and highlighted red.  All 
of the data was submitted for both rapid and final ephemeris solution.  The data collected 
whilst using the datum PSMs as reference stations for other methods was also processed 
and submitted through Auspos.  These values are included in table 9 and where the 
positional uncertainty exceeds 50mm, it is highlighted red. 
 
The following tables summarise the results of the 37 Auspos submissions.  The 
uncertainties in each table are expressed at the 95% confidence level.  The relevant parts 
of the Auspos processing reports are included in Appendix G.   
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PSM Observation 
Length 
Ephemeris Easting Northing RL PU 
9187 6:26 
Rapid 482948.353 7204491.489 6.911 .010 
Final 482948.353 7204491.489 6.912 .010 
94270 6:06 
Rapid 487302.580 7200792.610 20.739 .011 
Final 487302.580 7200792.610 20.741 .010 
111512 6:23 
Rapid 482450.941 7205071.481 13.485 .011 
Final 482450.941 7205071.481 13.485 .011 
121762 7:39 
Rapid 487294.004 7200898.537 19.170 .012 
Final 487294.004 7200898.537 19.170 .012 
121779 6:01 
Rapid 488370.592 7200787.838 8.804 .011 
Final 488370.592 7200787.838 8.804 .011 
139088 6:31 
Rapid 488023.023 7201021.340 11.112 .011 
Final 488023.023 7201021.341 11.113 .011 
    Average 0.011 
 
Table 7 – Auspos results. 
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PSM 
Observation 
Length 
Ephemeris Easting Northing RL PU 
9187 
1:21 Rapid 482948.156 7204491.521 7.033 .240 
2:01 
Rapid 482948.364 7204491.491 6.900 .015 
Final 482948.364 7204491.491 6.900 .015 
94270 1:32 
Rapid 487302.598 7200792.612 20.791 .025 
Final 487302.598 7200792.612 20.792 .025 
111512 1:35 
Rapid 482450.937 7205071.455 13.467 .031 
Final 482450.937 7205071.455 13.467 .031 
121762 
2:04 Rapid 487293.986 7200898.569 19.130 .150 
2:33 
Rapid 487294.036 7200898.543 19.156 .026 
Final 487294.036 7200898.543 19.157 .026 
121779 
1:20 Rapid 488370.625 7200787.825 8.864 .097 
2:39 
Rapid 488370.590 7200787.848 8.793 .015 
Final 488370.590 7200787.848 8.793 .015 
139088 2:20 
Rapid 488023.020 7201021.355 11.099 .015 
Final 488023.020 7201021.355 11.099 .015 
    Average 0.022 
 
Table 8 – Auspos independent check results 
 
PSM Observation 
Length 
Easting Northing  RL PU 
9184 
4:50 482689.169 7205195.452 15.820 0.011 
1:07 482689.354 7205195.449 15.742 0.291 
9178 
1:23 482417.785 7206201.681 14.752 0.098 
1:36 482417.816 7206201.683 14.768 0.163 
83611 
1:38 488888.601 7201819.643 7.938 0.017 
1:24 488888.598 7201819.649 7.958 0.025 
111761 
3:43 487645.454 7201478.658 22.947 0.029 
1:31 487645.366 7201478.700 22.849 0.134 
103365 
2:26 486863.487 7201996.050 19.009 0.016 
1:50 486863.370 7201996.045 19.026 0.142 
 
Table 9 – Datum PSM Auspos results. 
48 
 
With the exception of PSM 9178, each PSM in table 9 has achieved a positional uncertainty 
value of under 50mm for at least one of the observations.  These positions are discussed in 
the relative uncertainty section of this chapter.  After the data processing was completed, a 
site visit was made to complete a two-hour observation on PSM 9178 for inclusion in the 
relative uncertainty section.  The site visit revealed that PSM 9178 had been removed 
during kerb and channel replacement.  Figure 8 below shows the PSM lying out next to its 
original position.  This issue is discussed in chapter five and will be forwarded to DNRM 
in the form a PSM maintenance form. 
 
 
Figure 8 – PSM 9178 disturbed 
 
The graph below shows the positional uncertainty values achieved for each PSM for 
observations ranging in length from two – six hours.  These results are discussed in chapter 
five. 
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Figure 9 – Auspos results for varying observation lengths. 
 
As can be seen in the graph, the two and three hour observations have average positional 
uncertainty values of 14mm and 13mm respectively.  The four-hour observation then 
reduces to 12mm and the five and six hour observations both average 11mm.  This shows 
that an observation time of around three - four hours will provide an excellent uncertainty 
value.  Observations longer than four hours do not enhance the positional uncertainty 
greatly. 
 
Additionally, the graph below shows the positional uncertainty values achieved by the 
independent checks and also includes the values achieved for the six hour observations. 
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Figure 10 – Six-hour observation vs. independent checks. 
 
Figure 10 shows how large the uncertainties can be for observations ranging from 1.5 – 2.5 
hours. 
 
Section 9.32.2 of the CSR shows that the meridian box will present the information ‘MGA 
Zone 56 vide CORS”.  There is no need to include a meridian table on the survey plans for 
this methods of connection (DNRM 2015a). 
4.3.3 Network RTK 
 
The data collection for the network RTK method was completed from the 28/07/2016 – 
31/07/2016.  A total of 144 minutes of data was observed.  The total time taken for this 
method in the field and office was 5.5 hours and 3 hours respectively.   
 
The following three tables show the resultant coordinates of the three lengths of 
observations.   
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Network RTK - 180 second observations 
PSM 
Baseline 
(m) 
Easting Northing RL 
SU 
(SNA)  
SU (manu 
specs) 
PU 
          
9187 892 482948.374 7204491.502 6.573 0.035 0.019 0.020 
          
94270 5584 487302.59 7200792.605 20.417 0.035 0.027 0.028 
          
111512 1375 482450.948 7205071.471 13.143 0.035 0.020 0.021 
          
121762 5522 487294.007 7200898.52 18.808 0.035 0.027 0.028 
          
121779 6522 488370.603 7200787.84 8.471 0.035 0.029 0.030 
          
139088 6107 488023.038 7201021.347 10.743 0.035 0.028 0.029 
  
Table 10 – Network RTK 180 second observations. 
 
Network RTK - 120 second observations 
PSM 
Baseline 
(m) 
Easting Northing RL 
SU 
(SNA) 
SU (manu 
specs) 
PU 
          
9187 892 482948.374 7204491.501 6.569 0.035 0.019 0.020 
          
94270 5584 487302.593 7200792.606 20.417 0.035 0.027 0.028 
          
111512 1375 482450.946 7205071.472 13.139 0.035 0.020 0.021 
          
121762 5522 487294.005 7200898.528 18.818 0.035 0.027 0.028 
          
121779 6522 488370.601 7200787.841 8.482 0.035 0.029 0.030 
          
139088 6107 488023.037 7201021.347 10.739 0.035 0.028 0.029 
 
Table 11 – Network RTK 120 second observations. 
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Network RTK - 60 second observations 
          
PSM 
Baseline 
(m) 
Easting Northing RL 
SU 
(SNA) 
SU 
(manu 
specs) 
PU 
          
9187 892 482948.374 7204491.499 6.569 0.035 0.019 0.020 
          
94270 5584 487302.592 7200792.605 20.42 0.035 0.027 0.028 
          
111512 1375 482450.946 7205071.472 13.126 0.035 0.020 0.021 
          
121762 5522 487294.009 7200898.528 18.826 0.035 0.027 0.028 
          
121779 6522 488370.603 7200787.839 8.483 0.035 0.029 0.030 
          
139088 6107 488023.038 7201021.348 10.737 0.035 0.028 0.029 
 
Table 12 – Network RTK 60 second observations. 
 
Due to the issue discussed in section 4.1, the survey uncertainties for this method are 
analysed below and discussed in chapter five.  N Raziq (2016, pers. Comm., 4 October) 
stated that whilst the network RTK surveys have not provided any traceability for a second 
CORS, it is likely that the solutions provided by Smartnet Aus still used a second CORS in 
their calculations.  Due to not having any traceability, the Smartnet Aus’ reported 
accuracies of the solutions are not included in the data presentation but they are discussed 
in chapter five.  The columns in the tables titled SU (SNA) are the expected survey 
uncertainty values that would have been achieved had two CORS been utilised throughout 
the surveys.  
 
M Higgins (2016, pers. Comm., 10 October) said that the survey uncertainties for network 
RTK connections which only utilise one CORS can be calculated the same way as single 
station RTK.  The manufacturers specification column in the tables above shows the 
uncertainties for calculations based on only one CORS.  To calculate these survey 
uncertainties, the data was first imported into Liscad by the data conversion function.  This 
function averaged and weighted the two sets of observations for each PSM and provided 
the easting, northing and RL values shown in the tables.  The survey uncertainty was then 
calculated using equation 1, the Leica technical manuals and baseline distances.  Equation 
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2 has been used to see if these observations pass the outlier test.  The coordinates for each 
set of observations were then averaged using equations 4 and 5.  Equation 3 was then used 
to calculate the combined survey uncertainty for the newly calculated coordinates.   
 
The different survey uncertainty values provided in this section are discussed in chapter 
five.  The survey uncertainties calculated using one CORS have been chosen for inclusion 
in the data presentation section.  The positional uncertainty in the data presentation is 
calculated using equation 6 and the values from CORS  753431.  Only the 180 second 
observations will be used for the remainder of this dissertation. 
 
Section 9.32.2 of the Cadastral Survey Requirements shows that the meridian box will 
present the information ‘MGA Zone 56 vide CORS”.  There is no need to include a 
meridian table on the survey plans for this methods of connection (DNRM 2015a). 
 
4.3.4 Quick Static 
 
The data collection for the quick static method was completed from the 18/07/2016 – 
24/07/2016.  A total of 375 minutes of data was observed.  The total time taken for this 
method in the field and office was 11.2 hours and 4 hours respectively.   
 
The quick static data was imported into Leica Geo Office and post processed using both 
broadcast and precise ephemeris.  The differences between the two solutions were 
negligible.  Leica Geo Office provides estimates of survey uncertainties in each baseline.  
These values appear very optimistic as they do not agree with the values published in the 
Leica technical manuals.  M Rosemond (2016, pers. Comm., 4 October) from C.R. 
Kennedy did not reveal any way to validate these uncertainties.  This issue is discussed 
further in chapter five.  The processing report for the quick static surveys in included in 
Appendix H.  A summary of the coordinates and uncertainties for each baseline is included 
in the table below. 
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The survey uncertainty values which have been calculated manually using the 
manufacturers specifications will be included in the data processing section.  
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Table 13 – Quick Static Results
Quick Static 
             
PSM 
Reference 
Station 
Ref 
Station 
PU 
Baseline 
(m) 
Easting Northing 
SU @ 
95% 
C.I. 
Averaged 
Easting 
Averaged 
Northing 
Combined 
SU 
PU 
             
9187 
9178 0.014 1792 482948.341 7204491.483 0.014 482948.352 7204491.489 
0.010 
0.015 
9184 0.012 751 482948.364 7204491.496 0.013       
              
94270 
103365 0.010 1282 487302.600 7200792.614 0.014 487302.590 7200792.620 
0.010 
0.014 
111761 0.010 768 487302.581 7200792.626 0.013       
              
111512 
9178 0.014 1132 482450.930 7205071.464 0.014 482450.942 7205071.468 
0.009 
0.015 
9184 0.012 269 482450.953 7205071.472 0.013       
              
121762 
103365 0.010 1180 487293.997 7200898.544 0.014 487294.005 7200898.552 
0.009 
0.014 
111761 0.010 679 487294.013 7200898.559 0.013       
              
121779 
83611 0.010 1155 488370.589 7200787.865 0.014 488370.602 7200787.860 
0.010 
0.014 
111761 0.010 1002 488370.616 7200787.856 0.013       
              
139088 
83611 0.010 1178 488023.022 7201021.348 0.014 488023.025 7201021.363 
0.009 
0.014 
111761 0.010 594 488023.029 7201021.378 0.013       
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The survey uncertainty values which have been calculated manually using the 
manufacturers specifications will be included in the data processing section.  
 
The CSR shows that the meridian box will present the information ‘MGA Zone 56 vide 
PSMs”.  There is no need to include a meridian table on the survey plans for this methods 
of connection (DNRM 2015a). 
 
4.3.5 Single Reference Station RTK 
 
The data collection for the single reference station RTK method was completed from the 
8-07-2016 – 25/07/2016.  There was a total of 216 minutes of data observed.  The total 
time taken for this method in the field and office was 11.8 hours and six hours respectively.   
 
The following three tables show the results of the three lengths of observations.   
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Single Station RTK - 180 second observations 
PSM Ref Stn 
Ref 
Stn 
PU 
Baseline 
(m) 
Easting Northing 
SU @ 
95% C.I. 
Averaged 
Easting 
Averaged 
Northing 
Outlier test Difference 
Combined 
SU 
PU 
                 
9187 
9178 0.014 1792 482948.340 7204491.488 0.029 
482948.352 7204491.491 0.039 0.024 0.020 0.023 
9184 0.012 751 482948.363 7204491.494 0.026 
                 
94270 
103365 0.010 1282 487302.598 7200792.627 0.028 
487302.599 7200792.626 0.038 0.004 0.019 0.022 
111761 0.010 768 487302.600 7200792.624 0.026 
                 
11151
2 
9178 0.014 1132 482450.927 7205071.456 0.027 
482450.937 7205071.467 0.037 0.030 0.019 0.022 
9184 0.012 269 482450.947 7205071.478 0.025 
                 
12176
2 
103365 0.010 1180 487293.999 7200898.538 0.027 
487294.008 7200898.544 0.038 0.020 0.019 0.021 
111761 0.010 679 487294.016 7200898.549 0.026 
                 
12177
9 
83611 0.010 1155 488370.587 7200787.852 0.027 
488370.594 7200787.854 0.038 0.015 0.019 0.022 
111761 0.010 1002 488370.601 7200787.856 0.027 
                 
13908
8 
83611 0.010 1178 488023.031 7201021.363 0.027 
488023.033 7201021.362 0.038 0.004 0.019 0.021 
111761 0.010 594 488023.034 7201021.361 0.026 
 
Table 14 - Single Reference Station RTK 180 second observations. 
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Single Station RTK - 120 second observations 
PSM 
Ref 
Stn 
Ref 
Stn 
PU 
Baseline 
(m) 
Easting Northing 
SU @ 
95% C.I. 
Averaged 
Easting 
Averaged 
Northing 
Outlier test Difference 
Combined 
SU 
PU 
                 
9187 
9178 0.014 1792 482948.339 7204491.482 0.029 
482948.352 7204491.490 0.039 0.030 0.020 0.023 
9184 0.012 751 482948.365 7204491.497 0.026 
                 
94270 
103365 0.010 1282 487302.595 7200792.624 0.028 
487302.598 7200792.624 0.038 0.005 0.019 0.022 
111761 0.010 768 487302.600 7200792.624 0.026 
                 
111512 
9178 0.014 1132 482450.927 7205071.454 0.027 
482450.937 7205071.468 0.037 0.034 0.019 0.022 
9184 0.012 269 482450.947 7205071.481 0.025 
                 
121762 
103365 0.010 1180 487294.007 7200898.522 0.027 
487294.011 7200898.538 0.038 0.033 0.019 0.021 
111761 0.010 679 487294.014 7200898.554 0.026 
                 
121779 
83611 0.010 1155 488370.588 7200787.854 0.027 
488370.595 7200787.855 0.038 0.013 0.019 0.022 
111761 0.010 1002 488370.601 7200787.855 0.027 
                 
139088 
83611 0.010 1178 488023.029 7201021.354 0.027 
488023.032 7201021.360 0.038 0.012 0.019 0.021 
111761 0.010 594 488023.034 7201021.365 0.026 
 
Table 15 - Single Reference Station RTK 120 second observations. 
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Single Station RTK - 60 second observations 
PSM 
Ref 
Stn 
Ref 
Stn 
PU 
Baseline 
(m) 
Easting Northing 
SU @ 
95% C.I. 
Averaged 
Easting 
Averaged 
Northing 
Outlier 
test 
Difference 
Combined 
SU 
PU 
                 
9187 
9178 0.014 1792 482948.334 7204491.477 0.029 
482948.350 7204491.487 0.039 0.038 0.020 0.023 
9184 0.012 751 482948.366 7204491.497 0.026 
                 
94270 
103365 0.010 1282 487302.590 7200792.620 0.028 
487302.594 7200792.624 0.038 0.011 0.019 0.022 
111761 0.010 768 487302.598 7200792.628 0.026 
                 
111512 
9178 0.014 1132 482450.927 7205071.453 0.027 
482450.940 7205071.462 0.037 0.031 0.019 0.022 
9184 0.012 269 482450.953 7205071.470 0.025 
                 
121762 
103365 0.010 1180 487294.018 7200898.531 0.027 
487294.017 7200898.541 0.038 0.020 0.019 0.021 
111761 0.010 679 487294.016 7200898.551 0.026 
                 
121779 
83611 0.010 1155 488370.589 7200787.854 0.027 
488370.587 7200787.861 0.038 0.015 0.019 0.022 
111761 0.010 1002 488370.584 7200787.868 0.027 
                 
139088 
83611 0.010 1178 488023.025 7201021.360 0.027 
488023.025 7201021.365 0.038 0.010 0.019 0.021 
111761 0.010 594 488023.025 7201021.370 0.026 
 
Table 16 - Single reference station RTK 60 second observations
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To calculate the survey uncertainties shown in the tables, the data was imported into both 
Liscad and Leica Geo Office by the data conversion function.  This function averaged and 
weighted the two sets of observations for each PSM and provided the easting, and northing 
values shown in the tables.  The survey uncertainty at the 95% confidence level was then 
calculated using equation 1, the Leica technical manuals and baseline distances.   
 
The coordinates for each set of observations were then averaged using equations 4 and 5.  
Equation 3 was then used to calculate the combined survey uncertainty for the newly 
calculated coordinates.  The manufacturers specifications survey uncertainties will be used 
to calculate the positional uncertainty which is included in the data processing section.  
Positional uncertainty values are then calculated for each mark using equation 6 and the 
values from the various SCMRs. 
 
All of the observations in this section passed the outlier test.  The observations for site 
SP214042 were in the upper limits of the outlier test.  Section 4.4.7 will determine if the 
relative uncertainty between the datum PSMs on this site exceeds our expectations. 
 
The CSR shows that the meridian box will present the information ‘MGA Zone 56 vide 
PSMs”.   
 
The 180 second observations and manufacturers specifications for survey uncertainties are 
used for the remainder of this dissertation. 
 
4.3.6 Traverse 
 
The traversing was completed from the 6-07-2016 – 31/07/2016.  The total time for this 
method in the field and office is 13.4 hours and six hours respectively.   
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The traverse data was adjusted using a minimally constrained least squares adjustment.  
The output of the adjustment included adjusted coordinates, standard deviations and survey 
uncertainties expressed at the 95% confidence level.   
 
Table 17 below shows the coordinates and positional uncertainty values achieved by the 
traverse method. 
 
Traverse 
PSM Easting Northing SU PU 
9187 482948.372 7204491.477 0.025 0.027 
94270 487302.577 7200792.616 0.029 0.031 
111512 482450.950 7205071.462 0.014 0.017 
121762 487294.000 7200898.525 0.026 0.027 
121779 488370.605 7200787.842 0.019 0.021 
139088 488023.038 7201021.350 0.019 0.021 
Average 0.024 
 
Table 17 – Traverse results 
 
4.3.7 MGA Bearings 
 
Both SP166260 and SP214042 are on MGA meridian.  The following table shows the 
bearings between PSMs for the plans and for the survey methods in this project.  The 
bearings shown are from PSM – PSM.   
Method SP166260 SP214042 SP239193 
Plan bearing 123°53’44” 139°23’02” - 
Auspos 123°53’38” 139°22’59” 175°22’17” 
Network RTK 123°53’41” 139°22’52” 175°22’01” 
Quick Static 123°53’36” 139°22’57” 175°22’00” 
Single Station RTK 123°53’42” 139°22’55” 175°21’46” 
Traverse 123°53’41” 139°22’55” 175°22’12” 
 
Table 18 – MGA bearings 
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As can be seen, sites SP166260 and SP214042 have good agreement between each bearing.  
The ranges are 8” and 10” respectively.  The distances between the PSMs 419 metres and 
764 metres.  The distance between PSMs for site SP239193 is 106m and the range of the 
bearings is 31”.  The effect of distance between coordinate marks, their positional 
uncertainty and the accuracy of the MGA bearing is discussed below.   
 
It can be assumed that if a Surveyor connects two marks to the State control survey they 
are likely to use the same method for each connection unless a datum PSM is in close 
proximity to the site and connected to by traversing.  This would result in similar positional 
uncertainty values for each mark.  The following graph shows the relationship between 
positional uncertainty and the required distance between survey marks to satisfy DNRMs 
requirement of bearing accuracy of 20 seconds of arc.  The positional uncertainty value is 
taken as the value for each mark and the accuracy is realised by the worst scenario at each 
end of the baseline. 
 
 
 
Figure 11 – MGA Bearing accuracies. 
 
The graph shows that if both marks have a positional uncertainty value of 10mm then the 
minimum distance between marks to provide the required accuracy is 103 metres.  For 
positional uncertainty values of 50mm, the minimum distance would be 515 metres.  For 
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surveys with a short distance between coordinated marks, the surveyor needs to ensure that 
they achieve a positional uncertainty value low enough to meet the accuracy of 20 seconds 
of arc. 
 
4.3.8 Relative Uncertainty between Datum PSMs 
 
This section discusses the relative uncertainty between the datum PSMs used for non-
network and terrestrial connections.  The figures below depict each datum PSM as they are 
shown in the SCDB and their positional uncertainty values as derived by each of the five 
methods.  Due to the traverse data being adjusted using a minimally constrained 
adjustment, the values have not been included in the following figures. 
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Figure 12 – PSM 9178 Relative Uncertainty 
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Figure 13 – PSM 9184 Relative Uncertainty 
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Figure 14 - PSM 83611 Relative Uncertainty 
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Figure 15 – PSM 103365 Relative Uncertainty 
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Figure 16 – PSM 111761 Relative Uncertainty 
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The five figures shown above show that the relative uncertainty between datum PSMs is, 
as expected, acceptable.  The uncertainty region for each method incorporates a portion of 
the SCMR region.  With the exception of PSM 111761, there is a common area that is 
occupied by every method for each PSM.    
 
The large circles that are partially shown on PSMs 9178, 103365 and 111761 are those 
which achieved a positional uncertainty value larger than 50mm.  These are detailed in 
table 9. 
 
Out of the observations on PSM 111761, which are subject to vegetation, the only one 
that does not incorporate any of the SCMR region is the single reference station RTK 
position which was determined using PSM 83611 as a reference station.   
 
The outlier tests conducted on the single reference station RTK surveys did not reveal any 
issues with datum PSMs. It can be concluded that there is no significant relative uncertainty 
between datum PSMs. 
 
4.4 Data Presentation 
 
This section will present the results of the data processing section in horizontal circular 
confidence regions.   The results will also be presented as they would appear on the survey 
plans. 
 
4.4.1 Positional Uncertainty 
 
Table 19 below shows the positional uncertainty values achieved for each method.  Figures 
17 - 22 show the horizontal circular confidence region of each PSM including the SCMR 
values. 
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PSM Auspos Single RTK 
Network 
RTK 
Quick Static Traverse 
9187 0.010 0.023 0.020 0.015 0.027 
94270 0.011 0.022 0.028 0.014 0.031 
111512 0.011 0.022 0.021 0.015 0.017 
121762 0.012 0.021 0.028 0.014 0.027 
121779 0.011 0.022 0.030 0.014 0.021 
139088 0.011 0.021 0.029 0.014 0.021 
Average PU 0.011 0.022 0.026 0.014 0.024 
 
Table 19 – Positional Uncertainty Values 
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Figure 17 – PSM 9187 Positional Uncertainty 
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Figure 18 – PSM 94270 Positional Uncertainty 
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Figure 19 – PSM 111512 Positional Uncertainty 
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Figure 20 – PSM 121762 Positional Uncertainty 
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Figure 21 – PSM 121779 Positional Uncertainty 
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Figure 22 – PSM 139088 Positional Uncertainty 
 
The most important thing to mention for the six figures above is that there is a small area 
that is occupied by each point’s positional uncertainty region from every method.  This area 
is at its smallest for PSM 121779 and at its largest for PSM 121762 which interestingly 
was the PSM with the most vegetation cover. 
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The best agreement found between marks is by the Auspos, static and single station RTK 
methods.  It is evident that the Auspos method consistently has the smallest positional 
uncertainty circle.  The single station RTK and quick static observations for each PSM are 
all very close which is expected as they are derived from the same marks.   
 
The traverse method has used the same marks but the coordinates do not agree as well.  The 
positional uncertainty area of the traverse method still incorporates a decent portion of the 
single station and static regions though.   
 
Whilst the network RTK method does provide the highest average positional uncertainty 
value and vary from the other marks the most, its positional uncertainty region does 
incorporate the majority of the other points. 
 
For PSMs 9187 and 111512, the SCMR positional uncertainty region incorporates a mutual 
area of the projects five uncertainty regions.  This is expected as the positional uncertainty 
values assigned to these PSMs were published less than a year ago and have been derived 
from surveys connecting to the State control survey. 
 
The SCMR uncertainty regions for PSMs 94270 and 121762 are in reasonable agreement 
with this projects five uncertainty regions.  PSM 94270 has a positional uncertainty of 0.1m 
and occupies the majority of the uncertainty regions of this project.  PSM 121762 has a 
positional uncertainty of 0.03m but only occupies a small portion of the quick static and 
single station RTK confidence regions.  The position for this mark was fixed by GPS in 
October 2000 so it is likely that the coordinates were determined utilising PSM 111761 as 
this would have been the closest non-network PSM.  
 
There is no explanation as to why the SCMR position for PSM 121779 is approximately 
70mm north of the uncertainty regions achieved in this project.  The SCMR position PSM 
139088 is labelled as Class E with no Order and is about 340mm south of the other positions 
included in figure 22.  Due to this PSM having no order, it is not surprising that it does not 
agree with other connections to the State control survey. 
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4.4.2 Plan Standards 
 
The figure below shows how each of the connections should appear on a cadastral 
survey plan. 
 
 
 
Figure 23 – Survey Plan Presentation 
 
4.5 Conclusion 
 
This chapter has included the results for each method of connection to the State control 
survey utilising the methodology included in chapter three.  It has included the time taken 
to complete the field and office work for each method.  These times are shown in figure 26 
below.  The accuracies achieved and how they differ from the expected results have been 
discussed.  As can be seen in section 4.4.1, each of the techniques passed DNRMs 
requirement of positional uncertainty of less than 50mm.  
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Figure 24 – Survey times by method.  
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Chapter 5: Discussions and Recommendations 
 
5.1 Introduction 
 
This chapter begins by discussing the optimal approach for connecting each of the three 
sites to the State control survey.  The optimal approaches for each method including field 
and office procedures are then discussed including what conditions they are best suited to 
and what conditions they should be avoided in. 
 
Recommendations for choosing which connection method to use are made to assist 
Surveyors in connecting to the State control survey regardless of method are also included. 
 
5.2 Optimal Approach 
 
The following sections will firstly discuss the optimal approach for connecting the three 
sites to the State control survey based on the conditions encountered during the surveys and 
their effects on the associated data processing.  The optimal method for processing and 
presenting the data will then be discussed.  The optimal approach for each type of 
connection regardless of conditions will then follow including a discussion on their 
accuracies and limitations. 
 
5.2.1 Optimal Approach based on conditions 
 
As discussed in chapter four, each of the methods employed during this project have, as 
expected, satisfied DNRMs requirements of connecting survey plans to the State control 
survey and coordinating two marks with a positional uncertainty value of under 50mm.   
 
Based on the survey times and accuracies achieved which are included in section 4.5 and 
the objective evaluation framework in section 3.2, Auspos has been selected as the optimal 
approach for connecting all three sites to the State control survey. 
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The positional uncertainty values achieved for Auspos were the most accurate for every 
PSM.  The survey times taken to complete the surveys were, in this project, higher than 
network RTK and quick static, however they can be reduced significantly if the survey is 
completed at the same time as other fieldwork.  The framework in section 3.2 shows that 
connections utilising Auspos can take as little as 25 minutes for the field surveys and 30 
minutes of office work per site with observation times being a minimum of two hours for 
sites with minimal sources of multipath. 
 
As for the independent check which are recommended by Geoscience Australia, M Higgins 
(2016, pers. Comm., 10 October) states that the internal traverse for the surveys are as 
suitable as any other method for an independent check.  Utilising the internal traverse as an 
independent check does not require any more time in the field or office.   
 
As requested by DNRM, the Auspos solution should utilise the final ephemeris (DNRM 
2015a).  It does take a minimum of 14 days until this solution is available, however since 
the average survey plan takes considerably longer than this, it should not be an issue in 
most circumstances.  DNRM will submit the data again for a final ephemeris solution if it 
is not done by the surveyor. 
 
Auspos can fit in well with other surveying requirements whereas the other options are 
“stand alone” and require considerable time in the field.  The office time taken for auspos 
can also be minimised when only two submissions are made for the final solution.  As per 
section 3.2, the processing may be completed in as little as 30 minutes for each site.  Section 
4.4.7 shows that a meridian table is not required for this method which will save a small 
amount of time in drafting stages of the plan.   
 
Out of the five methods used in this project, Auspos is the simplest connection method in 
terms of field and office methodology.  It can also be the quickest if coordinated well with 
other aspects of the survey.  There are no uncertainty calculations as the positional 
uncertainty values which are emailed to the used are the most accurate out of the five 
methods. 
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5.2.2 Auspos 
 
To complete a connection to the State control survey utilising Auspos, it is recommended 
that the following steps be taken: 
1. Take the time in the office to select suitable positions for marks that will minimise 
sources of multipath and will allow for good geometry for future reinstatement and 
MGA bearing calculations. 
2. Place marks and observe for a sufficient period of time.  Based on section 4.3.2, it 
is recommended that a three to four-hour observation length is used. 
3. Complete independent checks by the internal traverse.  The surveyor will always 
choose the quickest and easiest way to perform these checks.  An independent 
check with Auspos may also be completed if time permits. 
4. Reduce the data and then export as a RINEX file.   
5. Submit to the Auspos portal on the Geoscience Australia website. 
6. Await report. 
7. Calculate MGA bearings. 
 
If observations are taken at only 30 second intervals, the time taken to export a RINEX file 
will be quicker however the baseline may not be able to be post processed as effectively.   
 
As can be seen in section table 8 in section 4.3.2, some of the independent checks of under 
two hours have still achieved positional uncertainty values of under 50mm.  Additionally, 
in figure 9 in section 4.3.2, the observations between three and four hours have provided 
good positional uncertainty values.  Observation lengths exceeding four hours do not 
appear to enhance the positional uncertainty achieved by much and as a result, are not of 
additional benefit to Surveyors connecting to the State control survey. Geoscience 
Australia recommends that observation times of at least two hours be used for all surveys.  
Providing the Surveyor takes into account the surrounding environment and selects suitable 
positions for marks, the length of Auspos observations can be as low as two hours, however 
this is not recommended. 
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For a clear sky view and an observation time of over two hours, it can be expected that the 
Auspos method will achieved a positional uncertainty value of under 30mm.  Once 
observations exceed three hours, it is expected that they will achieve positional uncertainty 
values of less than 15mm. 
 
The main limitation that should be taken into account is the effect of vegetation, buildings 
and other infrastructure which may cause multipath in observations.  In most cases, the 
Surveyor can choose a location free from these items.  Where the position of marks to be 
coordinated cannot be moved and these items are evident/prominent, the Surveyor will 
either need to observe the marks for a longer period or possibly choose an alternative 
connection method.   
 
A big benefit of the Auspos method is that observations are not subject to errors caused by 
disturbance in non-network survey marks.  The processing reports provided by Geoscience 
Australia and the RINEX files provide a simple way of storing records and are easy to pass 
on to the relevant authorities. 
 
5.2.3 Network RTK 
 
Unfortunately, as discussed in previous sections, the solutions in the network RTK surveys 
in this project have only utilised one CORS in their calculations.  While the surveys still 
achieved positional uncertainties which met DNRMs requirements, they do not meet the 
legal traceability requirements set out in section 8.5.1 of the CSR.  M Higgins (2016, pers. 
Comm., 10 October) suggests that network RTK surveys utilising only one CORS may still 
be used for cadastral surveys. 
 
As can be seen in section 4.5, network RTK was the quickest method for connecting to the 
State control survey.  As can be seen in section 3.2, survey times for the network RTK 
method can be as little as 1 hour and 10 minutes.  Network RTK has yielded some of the 
highest positional uncertainty values in this project, all of which still passed DNRMs 
requirement. 
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Interestingly enough, even though the CSR requires that CORS connected to have a 
regulation 13 certificated to validate their accuracy, the second CORS included in 
Appendix C, being 753462/4MBH, does not have a regulation 13 certificate.  N Raziq 
(2016, pers. comm., 10 October) says that it is yet to be completed.  
 
The optimal approach for a connection vide network RTK is summarised in the following 
steps: 
1. Take the time in the office to select suitable positions for marks that will minimise 
sources of multipath and will allow for good geometry for future reinstatement and 
MGA bearing calculations. 
2. Ensure site falls within the range of at least CORS for a network solution. 
3. Design and test the observation network if software allows. 
4. Select the MAX method for calculating solutions to provide for traceability and 
repeatability. 
5. Occupy marks for 60 seconds with a 30-minute time lapse between observations 
as per ICSMs SP1 documents. 
6. Reduce the data using a data conversion method to weight and average 
observations. 
7. Calculate positional uncertainty from survey uncertainty. 
8. Calculate MGA bearings. 
 
The biggest limitation for this method is for surveys which are out of the network RTK 
range.  If this issue is not addressed, it may result in connections yielding much higher 
positional uncertainties than expected.  The effect of vegetation and other items must also 
be eliminated or minimised.  Baseline length is not an issue and has no effect on survey 
uncertainties providing surveys are within network range and utilise more than one CORS 
in their solution. 
 
If required, a Surveyor can reduce the survey uncertainty values of network RTK, a 
Surveyor can choose to observe the survey marks more than twice.   
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5.2.4 Quick Static 
 
The quick static method achieved very accurate positional uncertainty values as shown in 
section 4.5.   
 
As can be seen in section 3.2, there are a number of extra items to be addressed as it is a 
non-network connection.  The following steps summarise the optimal approach for the use 
of quick static connections: 
 
1. Select two suitable datum PSMs with positional uncertainty values of under 30mm. 
2. Take the time in the office to select suitable positions for marks that will minimise 
sources of multipath and will allow for good geometry for future reinstatement and 
MGA bearing calculations. 
3. Design and test the observation network if software allows. 
4. Locate PSMs prior to the field survey if possible. 
5. Ensure that the latest ANJ adjustment information is used. 
6. Observe a baseline from each datum PSM to each survey mark to be coordinated. 
7. Observe baseline between datum PSMs to ensure that the relative uncertainty is 
acceptable. 
8. Post process baselines and average the coordinates. 
9. Calculate the MGA bearings. 
 
As with the other GNSS methods, the Surveyor must take care to minimise sources that 
may cause multipath in observations around the points.  Another limitation for quick static 
connections is the length of the baselines.  The following graph shows the relationship 
between baseline distance, survey uncertainty and observation time as described in the 
manufacturers specifications (Leica Geosystems 2008a). 
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Figure 25 – Survey uncertainty and observation times for various baselines. 
 
As can be seen from the graph, as baseline distance increase, so does the survey uncertainty 
and the observation times.  The survey uncertainty does not increase dramatically but the 
observations times do.  Baseline lengths of over four kilometres will prove to be very time 
consuming.  Baseline lengths of up to ten kilometres will see the survey uncertainty 
increase to 25mm which is certainly acceptable.  As two baselines have to be measured for 
each PSM, survey times are more than double what is shown in the graph.   
 
The survey uncertainties in the graph are based on the manufacturers specifications.  The 
survey uncertainties are likely to be much smaller than these values.   
 
5.2.5 Single Reference Station RTK 
 
The single station RTK method achieved reasonable positional uncertainty values.  As can 
be seen in section 3.2, the survey time for this method can be reduced significantly to a 
minimum of 1-hour field time. 
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The survey uncertainty achieved for the three different lengths of observations as shown in 
section 4.4.5 do not vary much and as such the 60 second observations will be 
recommended.  The following steps summarise the optimal approach for the use of single 
reference station RTK.   
 
1. Select suitable datum PSMs with positional uncertainty values of under 30mm. 
2. Take the time in the office to select suitable positions for marks that will minimise 
sources of multipath and will allow for good geometry for future reinstatement and 
MGA bearing calculations. 
3. Design and test the observation network if software allows. 
4. Locate PSMs prior to the field survey if possible. 
5. Ensure that the latest ANJ adjustment information is used. 
6. Observe a baseline from each datum PSM to each survey mark to be coordinated. 
7. Occupy marks for 60 seconds with a 30-minute time lapse between observations 
as per ICSMs SP1 documents. 
8. Observe baseline between datum PSMs to ensure that the relative uncertainty is 
acceptable. 
9. Post process baselines and average the coordinates. 
10. Calculate the MGA bearings 
 
If required, a Surveyor can reduce the survey uncertainty values of network RTK, a 
Surveyor can choose to observe the survey marks more than twice.   
 
5.2.6 Traverse 
 
The traverse method achieved reasonable positional uncertainty values.  Traversing is a 
fairly time consuming process which is best suited to conditions where datum PSMs are 
located close to site. 
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The following steps outline the optimal approach for connecting surveys to the State control 
survey vide traverse surveys: 
1. Take the time in the office to select suitable positions for marks that will minimise 
sources of multipath and will allow for good geometry for future reinstatement and 
MGA bearing calculations. 
2. Design and test the observation network if software allows. 
3. Locate PSMs prior to the field survey if possible. 
4. Ensure that the latest ANJ adjustment information is used. 
5. Complete traverse using three arcs of face left/face right observations and close 
where possible. 
6. Adjust the data using a fully constrained least squares adjustment. 
7. Calculate MGA bearings. 
 
Some software allows the Surveyor to test if a proposed traverse network will meet the 
survey expectations.  These procedures are labelled pre-analysis or optimisation.  
 
Based on the uniform times shown in section 3.2 for setting up a station and reading three 
arcs of observations to two stations with distances between stations averaging 200 metres, 
the traverse method will take 35 minutes per kilometre in the field with a fixed time of at 
least one hour and 15 minutes for the adjustment, testing and uncertainty calculations.  It 
can be assumed that when a traverse length exceeds two kilometres, it will be quicker to 
employ any of the alternative method. 
 
The main limitation to be noted for the traverse method is the time taken to complete the 
connection.  Unlike the other methods, all the observations are taken manually and required 
the Surveyor on site.  
 
5.3 Recommendations 
 
Surveyors should be aware that surveys using non-network methods have additional items 
to be addressed.  As can be seen in section 4.2, although a pre survey search had been 
89 
 
completed for the surveys in this project, one of the datum PSMs chosen was deemed 
unsuitable in the field due to dense vegetation cover.  Another PSM was removed within 
weeks of completing the surveys.  It is recommended that Surveyors complete site visits 
prior to completing non-network methods to ensure datum PSM are available and are in 
satisfactory condition.  The selection of a third datum PSM is advised.   
 
To assess the site specific optimal approach for connecting to the State control survey it is 
recommended that Surveyors use an objective evaluation framework similar to the one 
included in section 3.2, to determine which connection method will be most efficient under 
the conditions.  Surveyors may develop their own flow chart which would assist in 
calculating the approximate time for each method.   
 
When selecting marks to be coordinated, the Surveyor must make a consideration for: 
 Future reinstatement purposes. 
 Stability and longevity of the mark. 
 Environment around the marks for GNSS purposes. 
 The length between coordinated marks to allow the resultant MGA bearings to be 
accurate to 20 seconds of arc. 
 
For all GNSS observations, the use of final/precise ephemeris products should be used 
where possible.  For traceability purposes of GNSS connections, Surveyors should keep a 
record, and lodge with DNRM if necessary, a copy of all processing reports, SCMRs and 
data files. 
 
M Higgins (2016, pers. Comm., 10 October) said that how well two given occupations in 
a survey agree is not the preferred way of evaluating survey uncertainty.  The 
manufacturers specifications are based on testing which has used large numbers of 
occupations.  DNRM expect that Surveyors calculate survey uncertainties using the 
manufacturers specifications rather than the values included in software adjustments and 
reports. 
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Due to the number of surveys in this project, the position of the datum PSMs were able to 
checked.  A standalone survey would not be able to do this and would require independent 
checks.  Where possible, for non-network connections it is recommended that Surveyors 
conduct a site visit prior to undertaking the necessary connections to determine whether all 
PSMs are in satisfactory condition.   
 
5.4 Conclusion 
 
The optimal approach and the recommendations included for each method in this chapter 
have been drawn from a limited number of surveys and thus a short period of field time.  
The recommendations shown hereon may not be applicable to sites subject to different 
conditions.  Surveyors should always investigate their specific survey site conditions and 
prepare suitable methodology commensurate with the desired accuracies of the surveys. 
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Chapter 6: Conclusions 
 
6.1 Introduction 
 
This chapter will discuss the achievements and outcomes of this project.  The research 
objectives and questions set out in chapter one will be discussed including how they were 
met.  Items which warrant further investigation will be listed and clarified.  A discussion 
about the data to be forwarded to DNRM will be included. 
 
This chapter will be concluded with a summary of the main findings and final 
recommendations of this dissertation. 
 
6.2 Research Questions and Objectives 
 
The objectives of this project were to: 
1. Evaluate the different methods of connecting to the State control survey in terms 
of expected accuracies and limitations. 
 
2. Develop an objective evaluation framework that takes into account the variation in 
conditions that apply to cadastral Surveyors and apply it in the surveys. 
 
3. Establish field and office procedures to ensure the requirements for a connection 
to the State control survey are achieved. 
 
4. Perform the surveys in accordance with the procedures established. 
 
5. Process the data, analyse the results and conclude with a discussion of the methods 
and make recommendations for connecting cadastral survey plans to the State 
control survey in the most effective way for each method. 
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Each of these objectives have been met throughout the project.  The different methods of 
connecting to the State control survey were outlined in chapter two and their accuracies 
and limitations were discussed in chapters three, four and five. 
 
The objective evaluation framework was included in chapter three.  The benefit of utilising 
this framework was then discussed in chapter five.  The survey procedures included in 
chapter three were based on the findings of chapter two and the objective evaluation 
framework.  The field surveys and associated data processing and presentation were 
performed and all of the results are included in chapter four which provided the basis for 
the discussions and recommendations included in chapter five. 
 
The research questions included: 
1. Which approach should be taken for connecting to the State control survey given 
certain conditions? 
 
2. What are the accuracies and limitations of each method? 
 
Both of the research questions have been answered in chapter five.  The optimal approach 
for the survey sites included in this project was stated, followed by the optimal approach 
regardless of conditions, for each method.  The accuracies and limitations of each method 
were briefly discussed in chapters three and four.  Based on the findings of the surveys, 
chapter five included recommendations based on the accuracies and limitations of each 
method. 
 
6.3 PSM Maintenance Forms 
 
The changes made to the PSMs on the PSM maintenance forms can be found in Appendix 
I.  These maintenance forms and the RINEX files they were processed from have been 
forwarded to DNRM.  The information shown on these maintenance forms has been 
derived from the Auspos processing reports as it was concluded that this way the optimal 
approach. 
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For horizontal coordinates, both the geodetic and MGA grid coordinates included in the 
processing reports have been entered into the maintenance forms, along with their 
positional uncertainty values.  Surveyors must ensure that they are inputting the GDA94 
coordinates rather than the ITRF coordinates which are also included in the report. 
 
For vertical coordinates, the derived AHD values included in the reports have only been 
submitted for PSMs 94270 and 139088 as they do not have any existing height information.  
The other PSMs all have existing AHD values with higher class and order determined by 
either spirit levelling or trigonometric heighting methods.  Derived AHD values must be 
stated as class D and fifth order (DNRM 2015b).  The geoid-spheroid separation value (N) 
has been calculated on the Geoscience Australia website using the AHD values and GDA94 
longitudes and latitudes included in the Auspos report.  The model used for this value is 
Ausgeoid09.  These values have been checked against the ellipsoidal heights which are also 
included in the Auspos report and they all agree.  
 
A PSM maintenance form has also be submitted for datum PSM 9178.  As PSM 9178 has 
been removed, the maintenance form only includes information relating to its removal.   
 
6.4 Further Investigation 
 
The following items warrant further investigation: 
 
1. What can be expected after the launch of Geocentric Datum of Australia 2020 
(GDA2020) on the 1st of January, 2017? 
 
With the release of a dynamic datum, cadastral Surveyors may have additional 
requirements in the form of including an epoch in State control survey connections. 
 
2. What survey uncertainty values can be expected for different observation lengths 
using network RTK, single station RTK and quick static methods and how does 
the time lapse between sets of observations contribute to the uncertainties? 
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The surveys undertaken in this project used the recommended observation times 
and time lapses published by the ICSM and Leica Geosystems.  An investigation 
into the different survey uncertainties which can be achieved by using longer 
observations and time lapses between observations would be beneficial for 
cadastral Surveyors connecting to the State control survey in the future. 
 
3. What is the optimal approach for connecting the various stages of a large scale land 
development survey to the State control survey? 
 
This project has mainly concentrated on the coordination of two marks for each 
survey plan requiring a connection to the State control survey.  An investigation 
into the optimal approach for connecting large scale land development would 
benefit cadastral Surveyors.  This investigation could include items such as 
geometry of survey marks for future reinstatement, the likelihood of mark 
destruction during ongoing construction and position of coordinated marks to 
ensure efficient connections in the subsequent development stages. 
 
4. How should positional uncertainty be calculated for a new mark when the datum 
PSMs have varying values of positional uncertainty? 
 
Section 8.4.2 of the CSR describe that the positional uncertainty of non-network 
GNSS observations can be derived by using the closest datum PSM positional 
uncertainty (DNRM 2015a).  In some circumstances, the two datum PSMs 
connected to will have different positional uncertainties.  Given that the 
coordinates of the new survey mark have been derived from both of the datum 
PSMs, an investigation into the selection of positional uncertainty calculations is 
necessary. 
 
6.5 Conclusion 
 
This dissertation has concluded that Auspos has been the optimal approach for connecting 
cadastral survey plans included in this project to the State control survey.  
Recommendations have been made for utilising each of the five connection methods.  
The aim and objectives of this project have been met and each of the research questions 
set out in chapter one have been answered.  
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Appendix A – Project Specification 
 
ENG4111/4112 Research Project Specification V1 
For:  Scott Archbold 
Title:  An investigation into the accuracies and limitations of different methods of 
connecting to datum.  
Major:  Surveying 
Supervisors:  Glenn Campbell (USQ) 
 Ray Tabulo (Cullen & Couper Pty Ltd) 
 Peter Todd (DNRM) 
 
Sponsorship: It is expected that DNRM will provide instruments for the fieldwork 
required in the  project.  My employer - Cullen & Couper Pty Ltd - will supply a vehicle 
and survey  equipment (subject to availability).  In the event that I am unable to utilise 
a work  vehicle, I will use my private vehicle. 
 
Enrolment: ENG4111 - EXT S1, 2016 
 ENG4112 - EXT S2, 2016 
 
Project Aim:  To determine the optimal approach for connecting cadastral survey plans to 
the geodetic datum. 
 
Programme:  Issue A, 7th March 2016 
 
1. Research the requirements for connecting to datum using different methods.   
2. Evaluate the different methods and document their expected accuracies and 
limitations. 
3. Establish field and office procedures to ensure the requirements are met. 
4. Develop an objective evaluation framework that takes into account the variation 
in conditions that apply to cadastral surveyors.   
5. Examine the existing standards for connecting to datum and compare this to the 
results expected by using each method.   
6. Conduct nine separate field surveys, connecting to datum using the three methods 
over each of three project areas. 
7. Process the data of all nine surveys to a standard acceptable for lodging. 
8. Analyse the results of the three methods.  Revisit the evaluation of the three 
methods and report on what is found.    
9. Determine which method(s) are most appropriate in terms of accuracy in the 
given project conditions.   
10. Prepare a dissertation. 
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Appendix C – CORS documents 
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Appendix D – PSM Plans 
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Appendix E – Leica Manuals 
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Quick Static Observation Times   
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Total station Accuracies 
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Tribrach Accuracies 
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Appendix F – Risk Assessment and Management 
 
Description of 
Job/Activity: 
Working Outdoors (Survey 
Work) 
Work Location:  
Developed by: Scott Archbold Date of Issue: 15/5/2016 
 
Description of 
Hazard 
Who is at 
Risk 
Body Parts at 
Risk 
Initial Risk 
Level 
A = High 
B= Moderate 
C= Low 
Control Measures 
Residual 
Risk Level 
A = High 
B = Moderate 
C = Low 
Date 
Complete 
Exposure to UV 
Rays 
Field staff 
Legs, Arms, 
face, neck and 
ears 
A 
- Appropriate clothing & hat 
- Sunscreen (50 SPF 
reapplied every four hours) 
- Coordination of field work 
to avoid middle of the day 
exposure 
C  
Dehydration/Heat 
Exhaustion 
Field staff Total A 
- Ensure regular water 
supply and intake 
C  
Fatigue Field staff Total A 
- Ensure regular water 
supply and intake 
- Allow for morning tea and 
lunch breaks 
C  
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Muscle 
Strain/Manual 
Handling 
Field staff Back B 
-Avoid manual handling 
alone 
C  
Slips, Trips and 
Falls 
Field staff Total B 
- Assess undulating terrain 
and heavily vegetated areas 
before accessing  
- Take alternative routes if 
necessary 
B  
Snake Bites Field staff 
Predominantly 
legs 
C 
- Assess areas likely to have 
snake encounters 
- Take alternative routes if 
necessary 
- Carry snake bite/first aid 
kit when walking alone  
C  
Insect bites/stings Field staff Total B 
- Assess areas likely to have 
spiders/ticks 
- Take alternative routes if 
necessary 
- Carry first aid kit when 
walking alone  
B  
Being struck by 
vehicle 
Field staff 
and other 
pedestrians 
Total C 
- No work to be completed 
30 mins after sunrise and 30 
mins before sunset 
- MUTCD to be adhered to 
- Employ spotter if 
necessary 
C  
Causing Property 
Damage 
- - C 
Report all property damage 
immediately 
C  
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Appendix G – Auspos Processing Reports 
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PSM 9187 – Auspos Processing Report  
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PSM 94270 – Auspos Processing Report   
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PSM 111512 – Auspos Processing Report   
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PSM 121762 – Auspos Processing Report 
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PSM 121779 – Auspos Processing Report 
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PSM 139088 – Auspos Processing Report   
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Appendix H – Quick Static Processing Report 
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Appendix I – PSM Maintenance Forms 
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